
University of Calgary

PRISM Repository https://prism.ucalgary.ca

The Vault Open Theses and Dissertations

2017

The Impact of an Eight-Month Physical

Literacy Structured Recreation Program

on the Motor Proficiency of Kindergarten Students

McCallum, Kyle

McCallum, K. (2017). The Impact of an Eight-Month Physical Literacy Structured Recreation

Program on the Motor Proficiency of Kindergarten Students (Master's thesis, University of

Calgary, Calgary, Canada). Retrieved from https://prism.ucalgary.ca. doi:10.11575/PRISM/28176

http://hdl.handle.net/11023/3557

Downloaded from PRISM Repository, University of Calgary



UNIVERSITY OF CALGARY 

 

 

The Impact of an Eight-Month Physical Literacy Structured Recreation Program on the Motor 

Proficiency of Kindergarten Students 

 

by 

 

Kyle McCallum 

 

 

A THESIS 

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES 

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE 

DEGREE OF MASTER OF SCIENCE 

 

GRADUATE PROGRAM IN KINESIOLOGY 

 

CALGARY, ALBERTA 

 

JANUARY, 2017 

 

© Kyle McCallum 2017



ii 

Abstract 

Development of gross motor skills and fundamental movement skills, are essential in the 

growth and development of the child.  If a child does not have the proper development, nor the 

mastery of gross motor skills, it could hinder their growth and development, and lead to a higher 

rate of disengagement from activity and sport, and increase sedentary behaviour.  With a larger 

emphasis being placed on to the recreation and education sectors to ensure children meet the 

minimum requirements of physical activity and create a healthier population, programs need to 

be effective in aiding the growth, development and mastery of these skills.  The objective of the 

study is to determine if a specialised recreation program, designed with the intention to introduce 

children between the ages of 4 and 5, to multiple activities in multiple environments, aid in the 

development of fundamental movement skills when compared to their standard recreation 

counterparts. 

A sample of 59 children, completed an eight-month, recreation centre-based study.  

Twenty-four participants acted as the control group, and were enrolled into parent-selected 

activities, which would run eight-weeks in length per program.  Thirty-five participants acted as 

the intervention group, and were enrolled into the specialised program, which swapped between 

four-environments.  All participants were assessed at two time-points, pre- and post-program, 

using the Test of Gross Motor Development, 3rd Edition, and the Bruininks-Oseretsky Test of 

Motor Proficiency, 2nd Edition, which measures locomotor, object-control and balance skills.   

The three-way multivariate analysis of variance with one repeated measure and two 

confounding variables, demonstrated that all participants, regardless of program type, increased 

significantly from the pre-assessment measures to the post-assessment measures in all skills.  

The 3-way MANCOVA also demonstrated that a gender difference was apparent at both the pre-
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assessment measures, as well as the post-assessment measures, specifically in object-control, 

wherein males outperformed females.  However, there was no significant difference when 

comparing group.  

These findings suggest that regardless of program type, child enrolment does elicit 

significant improvements of gross motor skill and fundamental movement skill development, 

over the course of an eight-month intervention.  
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Chapter One: Introduction 

“Impact of an Eight-Month Physical Literacy Structured Recreation Program on the Motor 

Proficiency of Kindergarten Students” 

1.1 Fundamental Skill Development and the Child  

The development of gross motor skills and fundamental skills are imperative to the 

proper development of children as they age.  The years spent in preschool and the early years of 

elementary school are the most critical time for the development and mastery of fundamental 

movement skills (Hardy, King, Farrell, Macniven, & Howlett, 2010).  Without the mastery of 

gross motor skills, children are more likely to be disengaged from sports and physical activities 

as they transition to adolescence, and thus are more likely to lead to sedentary lifestyles as they 

mature into adulthood (Cliff, Okely, Morgan, Jones, Steele & Baur, 2012).  If mastery can be 

achieved in this age span, the likelihood of individuals remaining active for life increases 

substantially, leading to an overall healthier population (Cliff et al., 2012).  With many programs 

within a curricular and post-curricular settings poised at increasing the mastery of these 

fundamental movements evaluation of such programs could lend to more effective and efficient 

program design and delivery. 

1.2 Intentionally Designed 4-in-1 Physical Literacy Program 

Dr. Van Wyk (2016) created an specialised physical literacy structured recreation 

program for her dissertation work.  The program was designed to use the conceptual framework 

posed by Margaret Whitehead (2010), with the addition of the environmental components 

brought forward through the work of Higgs, Balyi, Way, Cardinal, Norris and Bluechardt  

(2008).  The initial program was designed for grade two aged children, which was offered in 

two, 60-minute sessions per week, over a four-month segment, wherein children spent four-
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weeks in one of the four environments (ground, water, air, snow/ice).  During each four-week 

environment block, children were led through a series of movements, activities and games to 

promote growth and development of fundamental movement skills (FMS) within that specific 

environment.  In addition to the intention of multiple activities throughout multiple 

environments, a period of free-play was integrated into the first and last five minutes of each 

session.  This was the allow children to further explore movements and skills at their own pace in 

each unique environment.  Finally, instructors were asked to try and mitigate the amount of 

sedentary time in a lessor or session, by having children perform a variety of skills on the side of 

the pool deck, or side of the rink if it was a day of assessment.  

Following the completion of each four-week period, the children would be introduced to 

a new environment, and again follow similar planning and implementation as described 

previously.  The four-month segment allowed for children to experience each of the four 

environments discussed by Higgs et al. (2008).  

 Due to the amount of buy-in from Vivo for Healthier Generations (funding facility), Van 

Wyk was approached with the intention of redesigning the program for other age groups to 

support a seven-year prospective study, following a cohort of children from kindergarten through 

grade six.  This led to the creation of the 4-in-1 Physical Literacy program for kindergarten aged 

children.   

Van Wyk used a similar model to the program used for her dissertation with changes 

made to support the age of the children.  The program length was changed from 60-minute 

blocks, to 45-minute blocks.  As well, the SPARK physical education (PE) curriculum 

development tool-kit was used to aid in the development and creation of activities and programs 
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which were implemented into the 45-minute lessons.  This allowed for the program to be parallel 

with the skills and activities taught in a standard kindergarten PE curriculum.  The program was 

also designed to be eight-months in length, which mimicked the length of a standard 

kindergarten year.  The eight-month program also allowed for participants to be introduced to 

each environment twice.  The rest of the program stayed similar to the original program, wherein 

free play was offered at the beginning and end of each session, regardless of the environment 

they were in, and instructors were asked and encouraged to promote active wait-times on the 

sides of the pools or rinks, if it was an assessment day. 

1.3 Study Premise 

The premise of the current study is to evaluate the motor proficiency of kindergarten 

children (ages 4-5) participating in a year-long recreation program designed around increasing 

their physical literacy. For the program to be effective in the motor competency domain of 

physical literacy, an increase in the motor proficiency of children should be witnessed after 

completing the year-long program. The study proposed will be done as base-line measurement 

study of a seven-year longitudinal study, which will follow the cohort gathered in a recreation 

environment. Though the larger study aims at tracking multiple measures, the proposed study 

will gather the motor proficiencies of children in their locomotor skills, object-manipulation 

skills and balance skills, as well as their anthropometric measures, that will help inform other 

aspects of the larger study associated with Vivo for Healthier Generations (previously known as 

Cardel Place). 
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1.4 Objectives 

1.4.1 Primary Objective 

The primary objective of the study was to determine if a specialised recreation program, 

designed with the intention to introduce children, who were 4 or 5 years of age, to multiple 

activities in multiple environments, aided the development of fundamental movement skills 

when compared to children who participated in standard recreation programming.  Fundamental 

movement skills were defined into three specific subsets: locomotor skills, object control skills, 

and balance skills. 

1.4.2 Secondary Objectives 

The secondary objective of the study was to discern if any gender differences emerged in 

the development and mastery of FMS.  These gender differences were observed as a whole, as 

well as within the groups; active recreation programming, or 4-in-1 Physical Literacy program. 
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Chapter Two: Literature Review 

This thesis sought to discern the effectiveness of thoughtful and intentionally designed 

recreation programming on the development and mastery of fundamental movement skills of 

kindergarten children when compared to standard recreation programming.  This chapter 

highlights various aspects surrounding the concepts of physical literacy, fundamental movement 

skills, and recreation, while showcasing some of the literature available.  This chapter will also 

highlight the potential impact socio-economic status (SES) and body mass index could have on 

the development of fundamental movement skill development during childhood.  These available 

studies, as well as the work of Van Wyk (2016), will lend strength to the research question posed 

and the matching hypotheses. 

2.1 Early Childhood Motor Development and Contemporary Literature 

Early childhood development is the growth, maturation and development of physical and 

cognitive domains between the ages of 0 to 4 (or 5) years old (Kuzik, Clark, Ogden, Harber, & 

Cardson, 2015; Timmons, LeBlack, Cardon, Gorber, Dillman, Jassen, …, Tremblay, 2012; 

Tremblay, LeBlanc, Carson, Choquette, Gorber, Dillman, Duggan, …, Timmons, 2012).   

Growth and motor development occur simultaneously, and are classified into four general 

terms: cephalocaudal, the overall growth of a child; proximodistal, the development of the neural 

pathways and peripheral controls; differentiation, the development of gross to precise 

movements; and integration, the combination of gross and fine motor skills allowing them to 

function together (Payne & Isaacs, 2012).  As maturation takes place, the emphasis of 

development of gross motor skills diminishes, as mastery should take hold between the ages of 2 

and 7 years of age, and the maturation of integrated or complex movements begins to become 

increasingly important (Payne & Isaacs, 2012).  Though, the development and mastery of skills 
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follows an inverted U shape, where regression occurs in later life, research in the contemporary 

body of literature has highlighted the potential deficits associated with an increase in sedentary 

behaviour and a diminishment in the amount of physical activity being achieved at a young age. 

Payne and Isaacs (2012) highlight that specifically within early childhood age category, a 

philosophical trend of stimulation versus deprivation parenting and programming has emerged, 

where parents are praised for providing stimulating environments to aid in the development of a 

child, or are viewed in a negative light if providing a depriving environment.  Payne and Issaacs 

(2012) further state that many parents enrol their children into the programs as they see them as 

valuable in the development of their child. 

Early childhood years yield the greatest window of opportunity for the growth and 

development of fundamental movement skills which form the foundation of physical activity 

(Goldfield, Harvey, Grattan, & Adamo, 2012; Hinkley, Crawford, Salmon, Okely, Hesketh, 

2008; Kuzik et al., 2015, Payne & Isaacs, 2012).  Though this is well known, Timmons et al. 

(2012) discussed the lack of research in this area.  The authors did provide evidence that 

movement skill development physical activity programs increased objective score measurements, 

however, there were only 4 studies found that met the criterion of the systematic review.  

Further, the contemporary literature highlighted the notion that until 2012, clear guidelines of 

how much physical activity a child between the ages of 0 and 4 (or 5), should be receiving 

(Timmons et al., 2012; Tremblay et al., 2012).  Finally, the contemporary literature highlighted 

that only a small portion of children received the recommended amounts of physical activity 

(Hinkley et al., 2008; Kuzick et al., 2015; Goldfield et al., 2012; Timmons et al., 2012; Tremblay 

et al., 2012; Vanderloo, Tucker, Johnson, van Zandvoort, Burke, & Irwin, 2014). 
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A study from 2012 by Goldfield, Harvey, Grattan and Adamo stated that only 9% of boys 

and 4% of girls are meeting the Canadian Physical Activity Guidelines of 60-minutes of 

moderate-to-vigorous physical activity (MVPA) each day of the week.  Further, the authors 

stated that many Canadian children were receiving an average of six hours of screen time each 

day of the week.  The diminishment of the amount of physical activity being achievied and the 

higher amounts of sedentary time have been linked to numerous negative health conditions, such 

as obesity and type 2 diabetes, specifically in children (Goldfield et al., 2012; Hinkley et al., 

Kuzik et al., 2012; Sigmund, De Ste Croix, Miklánková, & Frömel, 2007; Timmons et al., 2012, 

Tremblay et al., 2012). 

Hinkley et al. (2008) linked this lack of participation to the idea of physical activity being a 

multidimensional behaviour.  Sallis, Prochaska and Taylor (2000) identified five domains that 

had the potential of influencing physical activity behaviour: demographic and biological; 

psychological, cognitive and emotional; behavioural attributes and skills; social and cultural; and 

physical environment.  Hinkley et al. (2008) argued that any of these domains could have the 

potential to influence the multidimensional domain of physical activity, whereby it could 

increase or decrease participation.  Goldfield et al. (2012) bridged off these by offering day cares 

or non-parental care environments as critical settings to intervene to promote physical activity as 

there has been a rising number of children being registered into such environments. 

Vaderloo et al. (2014) conducted a study in childcare centres, and found that on average, 

participants within the study only accumulated 1.54min/hr of MVPA, and 17.24min/hr of 

physical activity.  These results were similar to the results found in the review by Hinkley et al. 

(2008), and Kuzik et al. (2015), where most often the amount of time spent in sedentary 

activities greatly outweighed the amount of time spent in MVPA.  These low amounts of MVPA 
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and physical activity as a whole have been linked to potential diminishments in behavioural 

control (Campbell, Eaton, & KcKeen, 2002), potential negative health outcomes (Kuzik, et al., 

2015, Timmons et al., 2012; Tremblay et al., 2012), and the potential diminishment in healthy 

adolescent development (Sigmund et al., 2008). 

2.2 Physical Literacy 

The concept of Physical Literacy (PL) surfaced in the literature in 1987, the outcome of 

Margaret Whitehead.  The concept has since been further redefined and conceptualized to meet 

current societal perceptions. Whitehead combined a variety of constructs to formulate the 

definition of physical literacy as “a multifaceted conceptualisation of the skills required to fully 

realize potentials through embodied experience” (Giblin, Collins, & Button, 2014, p. 1177; 

Whitehead, 2007). It has more recently been defined as “the ability to move with competence 

and confidence in a wide variety of physical activities in multiple environments that benefit the 

healthy development of the whole person” (Mandigo, Francis, Lodewyk, & Lopez, 2009, p. 28). 

In June of 2015, the International Physical Literacy Association, held a forum at their 

annual international conference, to create a consensus statement surrounding a worldwide 

recognised definition of physical literacy.  The following statement is now the internationally 

recognised definition: 

“Physical literacy is the motivation, confidence, physical competence, knowledge and 

understanding to value and take responsibility for engagement in physical activities for life” 

(International Physical Literacy Association [IPLA], 2015). 

As seen, the internationally recognised definition functions primarily off of Whiteheads 

philosophical framework, surrounding the notion of a physically literate individual, and melds 

other components of the various definitions that are within the current body of literature. 



 

9 

These definitions are important, specifically the last one, as they build into the foundation 

of educational programming of lessons, as well as the method by which the lessons are given. 

The main goal of any type of educational program, whether it be in formal educational settings, 

such as schools or in post-curricular educational settings, such as recreation centres, is to 

promote the desire to continue in physical activity throughout the lifespan (Roeterts & Jefferies, 

2014). This means programs are built around the “whole child”, encompassing the cognitive 

domain, affective domain, and the physical domain (Mandigo et al., 2009).   

This lends into the concept of monism, which is argued by Whitehead (2010) as the key 

principle which underpins the theoretical framework of physical literacy that she advocates.  

Whitehead (2010) advocates that individuals, or in the case of childhood learning centres and 

institutes, children must realize that “they are their own body, rather than they have “got” a 

body”.  In other words, the development of the “whole child” centres on the idea that each 

child’s journey is unique, and the learning, development and mastery of each child will be 

individualistic and unique (Wainwright et al., 2017; Whitehead, 2010).  This can be summated 

into a single statement; “individual create themselves as they live in and interact with the world” 

(Whitehead, 2010, p. 22).  As such, as a child’s cognitive domain begins to grow through 

knowledge translation of skills and environmental cues, this will in turn impact their motivation 

thereby increasing their affective domain, and they are more willing to participate in multiple 

activities across multiple environments, and as such increasing their physical domain (Mandigo 

et al., 2009; Whitehead, 2010). 

2.2.1 Physical Literacy Domains 

When breaking down the definition into specific components, it is apparent that each 

construct of PL builds into a specific domain: Cognitive, Physical Competence, Affective, 
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Motivation & Confidence, Daily Behaviour, and together are concurrent with each other. For 

example, “to move with competence and confidence”, would indicate that the two components of 

the phrase could fall within the cognitive domain as well as the physical domain (Longmuir, 

Boyer, Lloyd, Yang, Boiarskaia, Zhu, &Tremblay, 2015). If an individual has mastery of skills, 

they will have the confidence to perform the skill with an authentic movement context, or 

competence, therefore increasing ones’ self-efficacy or self-esteem associated with being 

physically active (Mandigo et al., 2009). With higher levels of self-esteem and self-efficacy, 

individuals are more motivated to be physically active, and thus reinforce ongoing development, 

or the motivation to be active throughout the lifespan (Higgs, 2010). 

As is described in Physical Literacy: Throughout the lifecourse (Whitehead, 2010), the 

three key attributes of physical literacy are motivation, confidence and physical competence, and 

interaction with the environment, and each will interact with each the next to create the holistic 

physical literacy model (Figure 2.1).  This is further influenced by the idea of monism, and how 

an individual or child is able to perceive themselves along their unique journey.  The interaction 

of each construct of Whiteheads’ theoretical framework could directly impact the others, and as 

such remains unique to the individual. 
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Figure 2.1 Relationship between key attributes of physical literacy (Physical Literacy: 
Throughout the lifecourse, Whitehead, 2010, p.15). 
 The development and capabilities of an individual will be directly related to the 

motivation of the individual to participate in an activity or sport, how confident they are in their 

movement patterns or fundamental movement skills, which is directionally proportionate to the 

confidence produced in the movement patterns required, and how the individual can read and 

interpret the environment they are in (Whitehead, 2007, Whitehead, 2010).  For example, if a 

child wants to go skating, the motivation would be directly proportional to the skill they may 

have to be able to stay upright on skates and produce the proper movement pattern, which relates 

to the competency of the child, which will relate to their confidence in their ability, which is 

related to the environment they wish to be active in.  Any disconnect within the attributes, will 

have direct impacts on the other key attributes, making up the physical literacy of a child. 

Motivation

Confidence and 
physical 

competence
Interaction with 
the environment



 

12 

2.2.2 The Environments Associated with the Physical Literacy Framework 

As Whitehead (2010) described in her cyclical theoretical framework of physical literacy, 

the environment and physical competence are correlated with one another, where a change in 

one, could directly impact the other, whether it be positive change or a negative change.  The 

ability for a child to “read and understand” the environment they are being active in, will benefit 

them when selecting the proper movements or skills.  However,  Whitehead does not elaborate 

further about the differences in these environments, rather these environments are inherent, or 

already categorized and known. 

In Canada, Canadian Sport 4 Life organization (CS4L) created a Long-Term Athlete 

Development Model (LTAD), which stated that there are four specific environments that 

children, youth, adolescence and adults, engage in physical activity and sport within.  These were 

developed from work done by Higgs et. al, in 2008.  

Higgs et. al, (2008) deemed the following four environments, as the environments of 

physical literacy: 

1) Ground – solid surfaces (either indoors or outdoors) 

2) Air – activities which require air spatial awareness 

3) Water – activities and engagement in a safe manner 

4) Snow or Ice – given that much of the North-American and Canadian year is spent 

within the winter months. 

Van Wyk (2016), used these environments in the creation of the intentionally designed 

program that she brought forward in her work with a grade 2 population, which was then re-

imagined for the younger population.  As discussed in Chapter 1, a primary part of the 

specialised program was to introduce children to activities and skills within the multiple 
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components which are referenced in the theoretical framework of physical literacy.  Through the 

work of Higgs et al. (2008), Van Wyk (2016) operationally defined each of th environments to 

allow for activity lessons to be planned within each of the environments. 

2.2.3 Physical Literacy and Contemporary Research 

 In a review done by Castelli, Centeio, Beighle, Carson, and Nicksic, (2014), 

comprehensive school physical activity programs were assessed to look at the impact they had on 

physical literacy in children.  It was found that in a sample of 16,000 students, those who had 

access to playgrounds and after-school activities or teams, which were considered by be the 

comprehensive programs, were three times more likely to be active.  The authors further justified 

their findings by stating programs that include childcare, sports and physical activity clubs result 

in enrichment of health-related fitness knowledge (Castelli et al., 2014).  Castelli et al., (2014) 

also describe the lack of a single method for promotion of physical education within primary 

schools as a major limitation, as there is no comparable measure. 

Beighle, Erwin, Morgan, and Alderman (2012), designed and implemented a study to 

determine if the number of steps taken by school children were different based on season, as well 

as based on time spent in-school and out-side of school.  This study was conducted for the 

purpose of prioritizing resources and interventions based on deficits found in PL.  It was found 

that of the 105 students, steps taken in the winter months were typically lower and associated 

with limited daylight, and the lack of in-school and out-of-school activities available to the 

student based sampled (Beighle et al., 2012).  It was suggested that by adding in a 15-minute 

recess, or extra physical education, they could increase steps by 600 a day.  

If paired with the findings found in the work by Castelli et al., (2014), it could be 

suggested that there is potential importance for having programs offered for children to ensure 
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they are active, and learning in a physical environment.  However, the study performed by 

Beighle et al. (2012) was limited by ist lacked any contextual data, such as types of programs 

being performed by the children, types of activities done within the classroom setting, or the 

exact weather outside day by day.  Castelli et al. (2014) recognized these limitations and goes 

further to state that factors such as intensity of activities, types of activities, and the frequency of 

time spent in activities would have offered a better diagnosis of the data collected.  

The above limitations are important components when determining perceptions of 

physical activity, and the level of physical activity being performed.  Intensity of exercise or 

activities performed could directly correlate to the time spent in such activities, and the 

frequency of participation within certain activities (Sigmund, Croix, & Mikla, 2007).. 

2.3 Fundamental Movement Skills 

Fundamental Movement Skills (FMS) are defined as the building blocks for movement, 

as they form the foundation for many specialised skills required in more complex or sport 

specific movement patterns later in life (Hardy, Reinten-Reynolds, Espinel, Zask, & Okely, 

2012).  They are classified into three components: locomotor, object-control, and balance 

(Ulrich, 2000).  As Hardy et al. (2012) stated, most children are developmentally able to master 

most of the basic FMS by the age of 6 and more complex by the age of 10 or 11.  If children are 

unable to master these constructs or skills, they are more likely to withdraw from participation in 

organized sports and play experiences (Hardy et al., 2012).  This idea ties in with the cognitive 

and affective domains of physical literacy and the direct effect they have on motivation as seen 

in the interconnectivity of Whitehead’s (2010) theoretical framework (Figure 2.1). 
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2.3.1 Connecting Physical Literacy to Fundamental Movement Skills 

As described in Whitehead’s theoretical framework (2010) surrounding the notion of 

physical literacy, three key attributes exist.  The concept of physical competency speaks to the 

skills, patterns and complexes which a child learns as they grow, which allows for interaction 

with the environment.  To have competency in one’s physical skills, they must have a grounding 

in the fundamental blocks to create a foundation to learn and build more complex patterns 

moving throughout later childhood, adolescence and into adulthood.   

 Whitehead (2010), described the physical competency domain including four key aspects, 

which comprise the capabilities of an individual; the movement vocabulary, the movement 

capabilities, the general and refined movement patterns, and the ability to morph movements to a 

particular activity or environment.  Whitehead (2010), further describes the movement 

vocabulary, specifically of a young child, to include simple tasks (balance, coordination), 

combined (i.e., agility which combines flexibility, balance and coordination), and complex (i.e., 

which takes other fundamental movements and combines them with simple tasks).  The learning 

of foundational skills or tasks, such as how to balance, are essential to ensure future participation 

in activity and sport (Cliff, et al., 2012; Garcia, & Garcia, 2006; Lenoir, Bardid, Huyben, 

Deconinck, Seghers, & De Martelaer, 2014; Whitehead, 2007). 

 When referring to fundamental movement skills of a child, they are broken down into 

two fundamentals locomotion, and object-control (sometimes referred to as object-manipulation) 

(Payne & Isaacs, 2012; Ulrich, 2010).  Each of these fundamentals have a set of unique 

foundational skills that should have a level of development, followed by mastery throughout the 

course of childhood.  They are marked by milestones that discern if the skills are following 
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proper development, leading to mastery, or if there are delays or latencies in the skill (Payne & 

Isaacs, 2012). 

2.3.1.1 Locomotor Skills and Development 

Payne and Isaacs (2012) defined fundamental locomotion skills as running, jumping, 

skipping, galloping, and sliding.  Though walking precedes running, this is being overlooked in 

the description.  If an individual cannot stand upright to walk, the rest of these skills will not be 

achieved. 

 Running creates the foundation for every other movement pattern associated with 

locomotion, as it’s a combination of the gait pattern, balancing during the single foot phase, and 

an air phase, which is the transition period between each footfall (Payne & Isaacs, 2012).  

Running, is typically the first skill to achieve mastery, and will lend strength to the development 

and mastery of other skills.   

Jumping and hopping are the double foot, and single foot actions of propelling the body 

either upward, or in a horizontal direction, and are building blocks for future activities and sport 

patterns (Payne & Isaacs, 2012).  Hopping and walking also aid in the development and mastery 

of the gallop and slide, and the progression and development of the gallop and the run patterns 

aid in the development of the skip (Payne & Isaacs, 2012). 

2.3.1.2 Object-Control Skills and Development 

Similar to the approach given for locomotor skill development and mastery, object-

control skills are defined as hand-eye and foot-eye coordination skills, unique to each 

environment (Payne & Isaacs, 2012).  These skills include both over-hand and under-hand 

throwing, catching with one or two-hands, and kicking.   
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The coordination developed between the hand and eye, or foot and eye, is paramount for 

the participation in activities and sport throughout the lifespan of a child, and moving into 

adolescence and adulthood (Hardy et al., 2012; Mandigo et al., 2009; Williams, Pfeiffer, O’Neill, 

Dowda, McIver, Brown, & Pate, 2008).  The ability to connect a hand to an approaching object 

to create a dribble or bounce of a ball, to strike an approaching object with an extension object, 

to trap and kick, or to catch an object requires a series of fundamental and complex patterns to 

ensure performance (Payne & Isaacs, 2012). 

2.3.1.3 Section Summary 

The development and mastery of both locomotor and object-control skills, such as those 

described above, are  essential for the growth and development of a holistic, physically literate 

child, which could lend to the continuous engagement in activity and sport moving throughout 

the lifespan. (Hardy, Reinten-Reynolds, Espinel, Zask, & Okely, 2012; Higgs, 2010; Williams et 

al., 2008). 

2.3.2 Fundamental Movement Skills and Contemporary Research 

 Cliff, et al. (2012) used the Test of Gross Motor Development 2nd Ed (TGMD-2) to 

evaluate the motor proficiency of 153 overweight and obese children from 6 to 10-years of age in 

a clinical weight loss program.  The proficiency scores of those children in the weight-loss 

program were significantly lower than the compared norm-referenced sample.   Cliff et al. (2012) 

suggested that lower Fundamental Movement Skills (FMS) proficiency has a potential in 

affecting the weight-gain cycle of children.  Although these findings are significant, a limitation 

associated with this study was the fact that the sample population was pulled from a randomized 

control trial associated with a weight-loss program in a clinical setting.  The generalizability of 
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the results is low due to the clinical nature of the sample.  As well, there was no intervention to 

increase the proficiency development of children, which is the aim of the current study.   

Roberts, Veneri, Decker, and Gannotti (2012) conducted a similar study assessing 4650 

kindergarten children in their motor proficiencies based on weight categories.  The study found 

similar results in comparison to the study by Cliff et al. (2012), wherein children who were 

classified as obese had lower motor competency scores in comparison to their healthy weight 

counter parts.  Roberts et al. (2012), also found children who were underweight in nature, also 

had lower scores in certain areas, such as hopping, jumping, and some balance.  They speculated 

as to the nature of these deficits, discussing lower amounts of muscle mass, although other 

factors were not accounted for therefore limiting the strength of this statement.  However,  a self-

derived gross motor composite score was used as opposed to a norm-referenced validated 

instruments, thereby limiting the validity and reliability of the results. 

Cliff et al. (2012), and Roberts et al. (2012), discussed the effects of overweight and/or 

obesity, and the correlation with FMS of children.  Although there is much strength in the 

correlation between the two factors, the temporality of the sequence of events is still unclear.  

Both studies showed that as BMI increased, there was a negative correlation with FMS of 

children, but due to the age of participants in both studies, many of the skills assessed should 

have a level of mastery associated with their performance.  Further studies would need to be 

conducted to truly assess the temporal effect of BMI and motor proficiency of children. 

Other studies have been conducted varying in the length of the intervention.  The studies 

have range from 4-weeks up to 20-months, and all have varying results in increasing motor 

proficiency or skills.  In a study conducted Mostafavi, Ziaee, Akbari, and Hosseini (2013), 90 

children were selected from 6 kindergarten classes in the Tehran district, and introduced into an 
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8 week, SPARK modified physical education program.  Through the utilization of the TGMD-2, 

their motor proficiencies were measured pre- and post- intervention and compared to control 

groups from a gymnastics club, as well as a control group of non-intervention kindergartens.  

They found significant increases in both locomotor and object control motor proficiencies 

following completion of the intervention when compared to the controls.  Although, the study 

showed great significance, they limited subjects by their socio-economic status (SES), removing 

those who came from higher status points.  The authors argued that the removal of the higher 

status points was done, as those families in higher status points could afford better opportunities 

for their child’s development.  This created a major limitation about the generalizability of the 

results.  The authors also stated that the funding of implementing such a program into schools 

would not be feasible, and therefore required more research done into the cost versus benefits of 

such programming (Mostafavi et al.,  2013). 

Matvienko and Ahrabi-Fard (2010) also found increases in locomotor and object control 

motor proficiencies from an intervention when compared to a control group.  This study was 

more condensed and intense, as the intervention was only four-weeks in length.  Seventy 

kindergarten and first grade students were selected to participate in an intensive four-week 

summer camp program, offered at a school within the community, but as a recreation program.  

Again, like Mostafavi et al. (2013), they found significant increases in the motor skills they were 

teaching throughout the course of the intervention when compared to a control group.  Upon a 

four-month follow up, significance in areas such as jump rope and throwing were still present.  

Although significance was shown, the study lacked a formal testing protocol of motor 

development and proficiency, such as the TGMD-2 or the BOT-2. As well, the control group that 

they utilized was a small number in comparison to the intervention group, thereby potentially 
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over-estimating the results and as such, decreasing the power of the study, and the 

generalizability to practical applications of such programs. 

A 20-month study was conducted by Krombholz (2012), which assessed motor 

performance of preschool children in Munich, Germany.  To ensure it was cost effective, and 

affordable, Krombholz limited the intervention by instructing educators of the intervention 

groups on how to structure a formal physical education class, as well as, how to promote non-

structured play during lessons (Krombholz, 2012).  The intervention group completed at least 

one 45-minute lesson a week, as well as 20-minutes of non-structured activity on a daily basis, 

while the control group only participated in one 45-minute lesson a week.  Although this study 

was formed around assessing weight loss of children, the number of students within the 

intervention and control groups was quite low, so a formal significance of weight loss due to 

motor development could not be established.  However,  the 306 students in the intervention 

group increased dramatically in their motor developmentin comparison to the 253 control 

students (Krombholz, 2012) when assessed via the Motor Test Battery (abbreviated as MoT 3-7). 

Krombholz (2012) points out that due to the nature of the study, educators in the intervention 

group were instructed to look after and to activate children who were nonathletic or reluctant to 

participate in vigorous games or activities.  The children were not tested in a follow-up, therefore 

it is unknown if the motor proficiencies remained significantly higher following the completion 

of the intervention.   

Although limitations such as lack of follow-up, and the inability to control the amount of 

time children were active both of which could directly impact the generalizability of the study 

through decrease in power of the results, the strength of this study was the cost effectiveness of 

the program, making it feasible to implement such strategies at a larger scale.  By focusing on 
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out of school programs, costs to education sectors are not impacted, but children are still given 

opportunities to increase their motor competencies, and thereby increasing their overall PL. 

2.4 Body Mass Index 

Body Mass Index (BMI) has been an epidemiological tool used for the assessment of 

body composition and as a score for comparing individuals to a norm for several decades (Dietz, 

Story & Leviton, 2009).  The measure is gathered by comparing the squared weight of an 

individual to their height, yielding a total score.  These scores allow individuals to be categorized 

into underweight, normal, overweight, obese or very obese categories.  Though a relatively easy 

measure to gain, it does not come without both strengths and limitations to the reliability of its 

score, and in relation, the reliability of the norms the scores are compared to. 

 BMI has been utilized primarily in studies revolving around adults, and very few studies 

have looked directly at the context of BMI in children (Dietz et al., 2009).  Further, throughout 

the grown and development of children, the age of a child could mark a different level of 

maturity and growth, therefore making comparison inadequate at times (Maynard, Wisemandle, 

Roche, Chumlea, Shumei, …, & Siervogel, 2001).  Fat mass also changes substantially between 

birth and the age of 12 as children proceed into adolescence, with an increase in fat mass in 

babies until the age of six-months, and then declining until the age of eight (Malone & Zemel, 

2014).  The amount of fat-free mass in a child can also play a direct role in the scoring of a child 

into the proper category, with many times marking a leaner child into the overweight category or 

underweight category, even though they may have a normal amount of fat mass if assessed 

through other measures (Maynard et al., 2001).  

 With this noted, many studies showcased that BMI may still prove to provide fairly 

reliable measures and scores if interpreted properly and with caution (Maynard et al., 2001; 
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Freedman et al., 2005; Malone et al., 2014; Dietz et al., 2009).  BMI as also been compared with 

other standard anthropometric measures such as skinfold testing and dexa testing, to determine 

the effectiveness when discerning between normal weight and over-weight children (Freedman 

et al., 2005).  Many of the limitations with the accuracy of BMI measures have been found when 

a child experiences a sudden change in height or sexual maturation, thereby categorizing the 

child or youth incorrectly (Maynard et al., 2001). 

2.5 Socio-economic Status and Fundamental Skill Development 

Socio-economic status (SES) is commonly defined or conceptualized as, “the social 

standing or class of individuals or groups as measured by one’s education, income and 

occupation” (adapted from the American Psychological Association Socioeconomic Status 

Publications office).  When relating SES to fundamental movement skills, much of the literature 

available reviews the direct relationship an individuals or family units’ SES has on their skill 

development and mastery. 

Studies done by Hardy et al. (2012), Okely et al. (2001), Roberts et al. (2012), and Taylor 

et al. (1998), all used SES as a variable in the relationship of fundamental movement skill 

development and mastery.  In all cases, SES tended to have a negative correlation on the 

development and mastery of skills.  Individuals of whom were from lower SES family units or 

communities, were lower in their fundamental movement skill scores, were overweight or obese, 

and were lower health status.  They speculated that these individuals or family units of lower 

SES modes, typically have less opportunities afforded to them, thus creating limitations on the 

development of the holistic person. 

 As Cools, De Martelaer, Samaey and Andries (2011) suggested, these limitations in 

affording lower SES families and individuals similar opportunities to individuals in higher SES 
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modes could create disparities and barriers within the development of the whole child.  Families 

who cannot afford afterschool programming, or live in an area of lower SES with limited funds 

towards the education sector, could limit the natural growth and development of the child, and 

could hinder their involvement in activity and sport as they age.  

 Relating back to the theoretical framework argued by Whitehead (2010), the 

interconnecting modality of the framework is interrupted, and physical competency could be 

diminished or lost and thus limit their interaction with the environment, or even negatively 

impact their motivation to be active.  

2.6 Recreation and Fundamental Skill Development 

As described in the 2016 ParticipACTION guidelines children are to receive 150 to 180-

minutes of moderate to vigorous activity over the course of a week, which equates to roughly 20 

to 25-minutes daily,.  Further, in 2015, only 70% of children between the ages of 3 and 4, 

received the recommended 180-minutes of any level and type of physical activity weekly, and 

only 9% of children and youth, from 5 to 17-years of age, received the 150-minutes of moderate 

to intense physical activity weekly.  

Many parents believe that the education sector, specifically elementary schools, aid in 

meeting the recommend levels of physical activity that should be reached weekly, however, this 

is not the case.  As highlighted in the study done by Beighle et al. (2012), most children, and 

specifically, those in the more northern climates, did not achieve the daily recommend steps, 

which could be extrapolated out to not meeting the basic physical activity guidelines.  In a meta-

analysis by Beets, Beighle, Erwin, and Huberty (2009), only  9 to 11%, of children met the 

physical activity guideline requirements in a school setting.  
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With the limited number of children meeting or exceeding the set-guidelines, Van Wyk 

(2016) argues that after-school programs may be an optimal way to reach and/or exceed these set 

recommended guidelines.  There is a scarcity of literature, specifically below the third grade, 

looking at either community or school based programs, thus making it difficult to elaborate in 

depth regarding this area (Stone, McKenzie, Welk, & Booth, 1998). However,  meta-analyses, 

such as the one done by Beets et al. (2009), and studies such as the ones completed by Beighle et 

al. (2012), do highlight that children are not receiving the proper daily physical activity required 

for healthy growth and development.  Further, newer studies, such as the one completed by Van 

Wyk (2016), highlight that recreation programs that complemen the education sector, could have 

benefits in the development of fundamental movement skills, as well as aid in potentially 

meeting the requirements of daily physical activity. 

2.7 Limitations in the Literature 

Many of the studies reviewed for the current project focused on a comparison of 

overweight or obese children to normal or healthy weight children, and their motor skill 

proficiencies. Of these studies they interventions varied in lengths of four-weeks up to 20-

months, and all showcased improvements in motor skill competency scores. The four-week study 

completed by Matvienko and Ahrabi-Fard (2010) demonstrated that post-curricular settings can 

achieve significant and lasting increases in the FMS of children, even in a short period of time. 

Krombholz (2012), Mostafavi et al. (2013), and Cliff et al. (2012), provided further strength to 

specific programming, and related outcomes that are significant in the increase of FMS in 

children. 

Although significance was shown in many of the studies a trend of limitations were also 

distinguished. Many studies utilized their own self-derived scoring protocols, specific fitness 
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tests, or specifically selected movements to evaluate, thus creating a lack of generalizability of 

such programs and the potential effectiveness they could have in the development of skills 

(Matvienko & Ahrabi-Fard, 2010; Roberts et al., 2012). Various studies also lacked a follow-up 

period, or lacked generalizability due to limiting factors such as SES (Cools et al., 2011; Hardy 

et al., 2012; Okely et al., 2001), or clinical sampling (Cliff et al., 2012; Krombholz, 2012; 

Mostafavi et al, 2013). One other major limitation worth noting in the literature is the scarcity of 

research on physical literacy as a whole (Stone et al., 1998), therefore making it somewhat 

elusive to gather substantial comparable data in future studies (Castelli et al., 2014).  

2.8 Rationale for the Proposed Study 

The concept of physical literacy is a multifaceted construct encompassing a variety of 

domains (Mandigo et al., 2007). Increasing the physical literacy of an individual through motor 

proficiency or competency has direct relations to increasing the cognitive domain as well as the 

affective domain, by way of increase in self-efficacy and self-esteem (Beilghe et al., 2012; 

Castelli et al., 2014,). Evaluation of programs directed at increasing children’s physical literacy, 

and such motor proficiency development, will help provide feedback to the instructors/educators 

on the strength and external validity of the program (Castelli et al., 2014; Matveinko et al., 2010; 

Roberts et al., 2012). 

A recreation centre grants a large catchment area to include a high volume of traffic, of 

various ethnicities, and of various levels of SES, thus potentially making the data collected more 

generalizable as it could potentially have better representation of multiple indices.  Matvienko et 

al. (2010), and Mostafavi et al. (2013), demonstrated significant results in the increase of motor 

proficiency of children in a 4-week and 8-week program, respectively, while Krombholz (2012) 

demonstrated an increase in motor proficiency after 20 months.  Thus, a 32-week program 
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should provide enough time to allow for significant increases in motor proficiencies of children; 

while not being administered in an intensive manner, and approaches motor development as a 

whole, not just limiting to fitness related outcomes. Furthermore, the utilization of a validated 

and reliable norm-referenced assessment tool ensures participants are evaluated based on norm-

referenced data, and can be applicable across a large spectrum of individuals (Ulrich, 2000).  

2.9 Research Plan 

 The research project proposed utilizes an intervention model, with three of four sample 

groups being randomly assigned to the 4-in-1 Physical Literacy program, which will act as the 

intervention, and the last being randomly assigned to participate in Active Recreation, which is 

standard recreation programming offered for the age group of the study.  Due to the nature of the 

sampling, this will not be a true randomized control trial, but quasi-experimental study, using 

multistage sampling.  The member base at Vivo for Healthier Generations (previously known as 

Cardel Place) were emailed a recruitment poster (see Appendix A), which could be distributed to 

friends, neighbours, or colleagues in a snowball fashion.  Parent(s) and/or guardian(s) who 

showed interest in the program emailed Vivo for Healthier Generations to receive an electronic 

recruitment form (see Appendix B) that had to be filled out and returned between May 1st and 

May 21st of 2015 to qualify their child for the program. Eligibility forms were be sorted and 

stratified based on days and times available to ensure they were selected for the appropriate 

program group, and then were  randomly selected with the use of a computer generated random 

sampling table into either a Tuesday/Thursday morning 4-in-1 Physical Literacy group, one of 

two Tuesday/Thursday afternoon 4-in-1 Physical Literacy groups, or into the Active Recreation 

Programming group 
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 As mentioned previously, the recruitment strategy to form the study groups was to be 

through email distribution to the current member base of Vivo for Healthier Generations.  In the 

event that interest was not high enough from this email distribution, a further email was to be 

distributed to the local community centres and preschools within the 17 community catchment 

area (HarGroup Management Consultants Inc., 2009) around Vivo for Healthier Generations.  

Vivo for Healthier Generations also advertised the study through their local webpage, and other 

social media outlets with similar information. The poster which was distributed is found in 

Appendix A. Due to the recruitment strategy being utilized, there was a level of difficulty in 

determining how many families would show interest, although 60 applications are necessary to 

fill the study. 

 Participants for the study were kindergarten students, between the ages of 4 and 5. 

Children who were of the age of 4, must have turned 4-years of age on or before March 1, 2015 

as to adequately reflect the age cut offs used in the education sector. These students were 

typically be from the catchment area around Vivo for Healthier Generations, which includes 17 

communities. Children who are outside of this catchment area will still be allowed to participate 

in the study. The 17 communities making up the catchment around Vivo for Healthier 

Generations, has a varying range of socioeconomic statuses (SES), ethnicities, and previous 

behaviours related to and about beliefs of physical activity (HarGroup Management Consultants, 

2009).. 

A sample size calculation to ensure acceptable power for the proposed study was 

completed at a power of 80% (0.80).. The sample size calculation yielded a minimum sample 

size of 15.68, as seen in Appendix C, which ensured the sample size of 16 participants in each 

arm of the proposed study is sufficient to have significance. The selected children weree 
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randomly selected and placed into either the 4-in-1 Physical Literacy Program (n=36) or into the 

Active Recreation Programming (n=24). With regard to the 4-in-1 Physical Literacy Program, 

the children will be divided into classes of 12, with two main instructors teaching the program in 

the morning (n1=12), and then separately in the afternoon (n2=12, n3=12) to ensure programs are 

identical in nature. Various instructors depending on what programs the children’s parent(s) or 

guardian(s) choose to enroll them in will teach the Active Recreation Programming children. A 

total of 60 participants will be selected for the study (N=60). The randomization of study arms 

was mentioned previously. 

2.10 Research Questions 

Based off of the objectives of the study, the following research questions have been posed; 

1) Will there be significant changes in motor proficiency development and mastery 

following eight-months of participation? 

2) Will there be a gender difference in motor proficiency development and mastery 

between the participants of the study, regardless of the program type they are assigned 

into? 

3) Will the intentionally designed, specialised 4-in-1 Physical Literacy program be more 

effective in the development and mastery of fundamental movement skills of 

participants, when compared to standard recreation programs? 
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Chapter Three: Methodology 

This study explored the differences, if any, in the rate of development of Fundamental 

Movement Skills as a whole, and within three specific subsets (locomotor, object control and 

balance) between children participating in a specialised 4-in-1 Physical Literacy recreation 

program when compared to children participating in standard active recreation programs. 

3.1 Participants 

3.1.1 Convenience and Snowball Sampling 

The study utilized both a convenient sampling method and a snowball sampling method 

to recruit participants.  The use of convenient sampling through emails and recruitment posters 

(discussed in a later section), acted as the initial method of recruitment, and from here a snowball 

effect took place.  Parent(s) and/or guardian(s) who had initially submitted their recruitment 

forms would often refer other parent(s) and/or guardian(s) to the study recruitment forms. 

3.1.2 Characteristics of Sample 

A total of 61 participants were recruited into the study, who ranged from 4 to 5-years of 

age.  This number was based on the sample size calculation (Appendix C) of 15.68, which 

indicates a minimum total of 16-participants per group was required to ensure 80% power at a 

significance level of 5%.  As per the inclusion and exclusion criterion set, all participants were of 

able body, and without any physical or mental impairments or disabilities.  The 61 participants 

were randomly assigned into four groups: AM-4-in-1 Physical Literacy (n=13), PM1-4-in-1 

Physical Literacy (n=13), PM2-4-in-1 Physical Literacy (n=13), and Active Recreation Programs 

(n=26).  There were slightly more females (n=37), than males (n=24), and the median age = 

5.25. 
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3.1.3 Inclusion Criterion 

Children were included in the study if they were of 4 or 5-years of age.  If a child was of 

4-years of age, they must have turned 4 on or before March 1, 2015.  As the study was trying to 

adequately reflect the age of kindergarten children, this age cut off is used by the education 

sector for eligibility of enrolment into a kindergarten program.  Children must be able-bodied, be 

able to commit to 80% of the activity days, and be able to commit to both evaluation dates.  

Inclusion for participation will also be determined by the obtainment of parental consent, as well 

as the child’s assent. 

3.1.4 Exclusion Criterion 

Children were excluded from the study if they had turned the age of 4 after the date of 

March 1, 2015, as they did not meet the enrolment eligibility required by the education sectors.  

Children were also excluded from the program if they had a physically disability.  The program 

was a highly specialised program, designed to introduce children into physical activities in 

various physical and environmental settings, such as hockey rinks, or swimming pools.  Due to 

the nature of the program being a pilot, there was not the ability to readily adapt the activities to 

meet the needs required by individuals who may have a physical disability.  

If parents or children cannot commit to the two evaluation days, or to 80% of the 

program, they were also excluded from the study. Commitment to the 80% of the program would 

allow for proper transfer of knowledge and education of physical activities, and the two 

evaluation days allow for proper data collection, without loss of follow-up occurring.  Children 

were excluded if their eligibility of participation form lacks completion, or if they do not have 

availability during the times of either physical literacy program, or any other program directed at 

their age.  Lastly, if parents do not agree to or sign the consent form (Appendix D), or the 



 

31 

children do not agree or sign the child assent form (Appendix E), the child would be excluded 

from the study. 

3.1.5 Investigators 

The investigators of the study included Kyle McCallum, a graduate student at the 

University of Calgary, Drs. Larry Katz, Dwayne Sheehan, and Nadine Van Wyk.  The program 

being utilized as the intervention for this study, was designed by Van Wyk, for her Ph.D. 

dissertation (2016) as discussed in Chapter 1. 

3.2 Recreation Programming 

The study operationally defined Active Recreation Programming (Control) as any program 

offered at Vivo for Healthier Generations that was active in nature.  This meant that participants 

would be moving and be active for the 45-minutes of which the programs were offered.  These 

programs included activities such as Sportball, Swimming, Learn to Skate, and Dance Play, as 

well as many others.  The Active Recreation programs lasted 8-weeks in length, and parent(s) 

and/or guardian(s) were able to self-select the programs they enrolled their child into. 

The study operationally defined 4-in-1 Physical Literacy programming as a specialised 

program, created and directed by Van Wyk (2016), which included a variety of activities, 

ranging from Dance Play and Swimming, to gymnasium based activities, within the four 

environments of physical literacy; ground, air, water and snow.  The 4-in-1 Physical Literacy 

program was designed to run for eight-months, with two activities being done once a week for 

four-weeks, and then being switched to different activities in a different set of environments.  

Each activity was done twice over the eight-month block. 
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3.3 Sampling 

3.3.1 Sampling Procedures 

3.3.1.1 Sampling Recruitment 

The sampling for the study was done through multiple sources.  The member base at 

Vivo for Healthier Generations was contacted through email, as well as through a member notice 

on the main website homepage of the Vivo for Healthier Generation website for a notice of 

recruitment.  The email contained a poster, as did the notice link that can be found in Appendix 

A.  The email was distributed to the member base at Vivo for Healthier Generations on May 1st, 

2015, and the website homepage link was available from May 1st until May 21st.  A snowball-

recruitment then occurred from the emails and web-based recruitment notice, increasing the 

number of parent(s) and/or guardian(s) who showed interest into the program for their children.  

Those individuals who had children between the ages of 4 and 5, were asked to email Vivo for 

Healthier Generations to receive an electronic recruitment form (Appendix B).  The forms were 

to be filled out and emailed back to the Canadian Academy for Healthier Generations at Vivo for 

Healthier Generations. Parent(s) and/or guardian(s) had from May 1st until May 21st, 2015 to fill 

out the forms and return them to Vivo for Healthier Generations to qualify their child for the 

program  

The selection of email recruitment and website based recruitment was deemed to be 

sufficient based on data reviewed from a community catchment area document completed by 

HarGroup Managements Consultants Inc. in 2009.  This was completed by an independent 

contracted group for Vivo for Healthier Generations to determine the amount of communities 

and the demographics within the communities that utilize the facility for recreation, sport and 

community immersion.  The document found that there was a catchment zone that was made up 
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of 17-communities from Northwest, North-Central and Northeast, Calgary, Alberta.  The 

document also found that there was a very diverse demographic within this catchment zone, that 

would lend to ensuring diversification within the sample selected. 

A contingency strategy was set in place, in the event that there would not be enough 

interest gained through the email and web based recruitment strategy.  The contingency strategy 

was to distribute the recruitment poster (Appendix A) to Preschools and Community centres 

within the 17-communities in the catchment zone to increase awareness of the project.  Those 

parent(s) and/or guardian(s) who were interested in enrolling their children into the program 

would email Vivo for Healthier Generations to obtain the recruitment form (see Appendix B).  

They would then follow the same process as those parent(s) and/or guardian(s) who were 

recruited from the email and web recruitment source. 

3.3.1.2 Participant Selection 

A sample base of 61-participants (N=61) were selected for the study.  Participant 

recruitment forms were collected between the dates of May 1st and May 21st, 2015 through Vivo 

for Healthier Generations.  Recruitment forms were then stratified into groupings based on times 

available, as filled out by parent(s) and/or guardian(s) of potential participants (see Appendix B).  

Late submissions were still accepted for the study, however,  they were used at later dates if any 

participants withdrew from the study, prior to the programming commencing. 

Recruitment forms were first stratified into days available.  The reason for this was the 4-

in-1 Physical Literacy programs were offered on Tuesday and Thursday’s at two time slots.  

Those recruitment forms that did not have availability on Tuesday or Thursdays were separated 

to be part of the active recreation recruitment pile for the control group.  The recruitment forms 

that had availability on Tuesday and Thursdays were then further stratified based on times 
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available.  The 4-in-1 Physical Literacy program was offered at two times on Tuesday and 

Thursdays, once in the morning, and two classes in the late afternoon.  If recruitment forms only 

listed availability in the afternoon or evening, they were separated once again.  

The recruitment forms that were remaining were used first to select the AM (morning) 4-

in-1 Physical Literacy class.  As there were only 13-recruitment forms remaining, these 13-

participants (n=13) were selected for this class.  

The PM1 and PM2 4-in-1 Physical Literacy programs were then selected next.  The 

recruitment forms that were separated prior to the selection of the AM 4-in-1 Physical Literacy 

program, were then numbered and put into a computer randomizer program to select 26-

participants to form the two afternoon programs.  Those recruitment forms selected were then 

placed into two-groups of 13 to form the two-classes PM1 4-in-1 Physical Literacy program 

(n=13), PM2 4-in-1 Physical Literacy program (n=13).  

The forms that were remaining from the stratified groupings were then placed back in 

with those that had been separated out based on days and times available to allow for the random 

selection of the Active Recreation program group.  The recruitment forms were again numbered 

and put into a computer randomizer and 23-recruitment forms were then selected, thereby 

yielding a control group of 23-participants (n=23). 

3.3.1.3 Participant Information Briefing 

Following the selection of participants into the study, parent(s) and/or guardian(s) were 

invited to an information briefing session to provide more information of the study, and to sign-

up for their pre-program assessment (Appendix F).  As there are two separate groups in the 

study, two different information sessions were provided to ensure participant parent(s) and or 
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guardian(s) were provided the information that were relevant to the arm of their child was 

selected into. 

3.3.1.3.1 4-in-1 Physical Literacy Program Briefing (Intervention) 

Two time slots were offered to parent(s) and/or guardian(s), once in the morning, and 

once in the evening over two separate days to ensure most, if not all parent(s) and/or guardian(s) 

could attend the session.  During this session, an overview of the facility, Vivo for Healthier 

Generations, was discussed, with emphasis being placed on their active and continuous 

involvement in research within the facility walls.  This was to provide parent(s) and/or 

guardian(s) information about research initiatives in Vivo for Healthier Generations, as well as 

more information about the facility itself if they are not previous members.  Lastly, briefing was 

to facilitate a welcoming aspect to these individuals being invited into the study, into the 

community of Vivo for Healthier Generations. 

Following the introduction of the facility, the briefing then went into specifics of the 4-in-

1 Physical Literacy Program. Information was provided about the dates – Tuesday and Thursday-  

and times – 10:30-11:15am or 4:30-5:15pm, how long each session will run for – 45-minutes -, 

and the types of activities the children will be involved in.  Parent(s) and/or guardian(s) were 

also informed that a minimum of 80% attendance needed to be adhered to for the program. 

Following the information session, 15-minutes was allotted for any questions pertaining to the 

program, to provide any further information that was not covered.  Lastly, parent(s) and/or 

guardian(s) were then asked to sign-up for a one-hour assessment session that fell between the 

dates of September 17th and 20th, and September 24th and 27th, 2016 (Appendix G and Appendix 

H). 
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3.3.1.3.2 Active Recreation Program Briefing (Control). 

Two times slots were offered to parent(s) and/or guardian(s), once in the morning, and 

once in the evening over two separate days to ensure most, if not all parent(s) and/or guardian(s) 

could attend the session.  During this session, an overview of the facility, Vivo for Healthier 

Generations, was discussed, with emphasis being placed on their involvement in research within 

the facility walls.  This was to provide parent(s) and/or guardian(s) information about research 

initiatives in Vivo for Healthier Generations, as well as more information about the facility itself 

if they are not previous members.  Lastly, briefing was to facilitate a welcoming aspect to these 

individuals being invited into the study, into the community of Vivo for Healthier Generations. 

Following the introduction of the facility, the briefing then went into the specifics of the 

Active Recreation programming offered to the control group.  Parent(s) and/or guardian(s) 

received $1500.00 of funding to enrol their child into any programs designated for children 

between the ages of 4 and 5 years.  Parent(s) and/or guardian(s) were given the flexibility to 

choose their programs for their child, based on their opinion of what their children should be 

enrolled in, or what activities they deemed important for their children to experience.  The 

funding was given as credit to Vivo for Healthier Generations, and the value was deducted as 

programs were selected for enrolment.  The cost of $1500.00 was selected, as it was the 

approximate cost of the 4-in-1 Physical Literacy Program, and would allow parent(s) and/or 

guardian(s) to register their child in two, eight-week programs, per session, with the length of the 

study running over four sessions.    

Parent(s) and/or guardian(s) were also informed that a minimum of 80% attendance 

needed to be adhered to for the program, as well as the programs they were choosing for 

enrollment had to be of a physically active nature.  This was stated as other activities such as 
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painting, and art classes were offered to children of this age.  Following the information session, 

15-minutes was allotted for any questions pertaining to the program, to provide any further 

information that was not covered.   Lastly, parent(s) and/or guardian(s) were then asked to sign-

up for a one-hour assessment session that fell between the dates of September 17th and 20th, and 

September 24th and 27th, 2016 (Appendix G and Appendix H). 

3.3.2 Sample Size Calculation 

A power calculation was run prior to the proposal of the study to determine a minimum 

participant number per each group to have a power of 0.80.  The calculation determined at a 

power of 0.80, a requirement of 15.68-participants would be required for the intervention group 

and 15.68-participants for the control group, yielding a minimum of 32 students (Appendix C).  

Based on this calculation it was determined that four groups consisting of a sample of 15-

participants would be a strong sample size for the study, yielding a total sample of 60 (N=60) to 

be recruited. 

3.4 Tools/Equipment 

3.4.1 Anthropometric Measurement Tools 

Two sets of anthropometric measurements were taken, height and weight.  Height was 

obtained through the use of a Seca 213 Stadiometer, and measurements were taken to the nearest 

0.1-centimeter (Figure 3.1).  Weight was  
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Weight was obtained through the use of a Tanita BF-689 Children's Body Fat Monitor 

electronic weight scale (Figure 3.2), which was calibrated prior to each use, and measured to the 

nearest 0.1kg. 

  

Figure 3.2 Tanita BF-689 Children's Body Fat Monitor electronic weight scale. 

3.4.2 Bruininks-Oseretsky Test of Motor Proficiency, 2nd Edition, Assessment Equipment 

The Bruininks-Oseretsky Test of Motor Proficiency, 2nd Edition, assessment utilized two 

specific pieces of equipment for the balance subset; 1) A BOT-2 balance beam, which comes as 

Figure 3.1 Seca 213 Stadiometer. 
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part of the BOT-2 assessment kit, and 2) a Sportline model 220 Stopwatch.  The BOT-2 Balance 

subset scoring sheet (Appendix I) was also utilized for the scoring of each participant. 

 

Figure 3.3 BOT-2 15-metre balance subset line and balance beam. 

 

Figure 3.4 Sportline model 220 stopwatch. 



 

40 

3.4.3 Test of Gross Motor Development, 3rd Edition, Assessment Equipment 

The locomotor subset part of the TGMD-3 assessment protocol, utilized a set of eight-

pylons consisting of four colours; Red, Green, Blue and Yellow (Figure 3.14).  

The object-control subset of the TMGD-3 assessment protocol utilized a larger set of 

equipment:  A Franklin MLB Foam Tee-ball set was used for the two-hand strike task (Figure 

3.5). 

 

Figure 3.5 Franklin MLB Foam Tee-Ball set. 

 A Primary Skills Bat (Figure 3.6), along with the a Wilson Soft-tennis ball (Figure 3.7) 

was used for the single-hand striking task.  
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Figure 3.6 Primary Skills Bat and Wilson Soft-Tennis ball.

 

Figure 3.7 Wilson Soft-tennis ball. 

 The Wilson Soft-tennis ball (Figure 3.7) was also used in the overhand and underhand 

throw tasks, as well as the two-hand catch task. 
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 An 8-inch 4 Square Care playground ball (Figure 3.8) was used for the stationary dribble 

task. 

 

Figure 3.8 8-inch 4 Square Care playground ball. 

 Finally, a size 3, Star Statz soccer ball (Figure 3.9) was used for the kick task. 

 

Figure 3.9 Star Stats size-3 soccer ball. 

 As the TGMD-3 assessment protocol kit was not yet available for purchase, verbal 

instructions were a modification of what was being asked in the TGMD-2 assessment protocol 
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kit user manual, and equipment was purchased as directed through the TMGD-2 assessment 

protocol kit user manual. 

3.4.4 Video Recording Equipment 

Videos of participants were recorded for the TGMD- 3 assessment tasks, to allow for intra-

rater reliability to be done following both the pre-assessment and post-assessment periods.  

Videos were recorded using a Panasonic HDC TM90 video camera (Figure 3.10). 

 

Figure 3.10 Panasonic HDC-TM90 video camera. 

The Panasonic HDC-TM90 camera had a viewing window that folded out from the side, 

which allowed for easier viewing and tracking of the recording of the tasks (Figure 3.11).  It was 

mounted on a tripod, which consisted of a swivel arm for steady tracking (Figure 3.12).  All 

videos of all participants were saved to a single SD memory card, which was encrypted. 
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Figure 3.11 Panasonic HDC-TM90 video camera with unfolded viewing screen. 

 

Figure 3.12 Panasonic HDC-TM90 video camera and tripod mount. 

 

3.5 Bruininks-Oseretsky Test of Motor Proficiency, 2nd Edition 

3.5.1 Assessment Specifics and Set Up 

The Bruininks-Oseretsky Test of Motor Proficiency, 2nd Edition (BOT-2) was utilized to 

establish balance of the children in the research study.  The BOT-2 was chosen, as the Test of 
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Gross Motor Development, 3rd Edition (TGMD-3) does not have a direct testing subset that 

focuses primarily on balance, and it was deemed pertinent to measure the direct balance of the 

participants.  As discussed prior, the BOT-2 has two different batteries, the BOT-2 long-form, 

and the BOT-2 short-form.  However,  for the purposes of this study, only Subset-5: Balance, 

was selected to obtain balance scores.  The subset contains 9-items (Appendix I), and takes 

approximately 5-minutes to administer.  

Following the anthropometric measures, the child was introduced to the BOT-2 balance 

area.  The area contained a 15-foot straight line, and the BOT-2 Balance Beam (Figure 3.3), and 

a Sportline model 220 stopwatch (Figure 3.4) which was part of the BOT-2 assessment kit. 

It was then explained to the child that their balance was going to be assessed.  Each item 

was performed in sequence as it related to the BOT-2 Subset 5: Balance testing battery.  A 15-

foot line was taped on the ground, which was where most of the assessments took place, and the 

BOT-2 balance beam was placed beside this line.   

Each task was provided though a set of verbal instructions as to what was to be done in 

each individual trial, with a brief demonstration to ensure full comprehension of the task.  

Feedback was not given if a second trial was given in each of the 9-tasks, the participant was 

only asked to do the assessment again. 

3.5.2 Scoring 

The scoring of the BOT-2 was dependent on one of two outcomes, maximum amount of 

steps taken, or maximum amount of time held in a particular position being assessed. The 

scoring of the first eight tasks was based out of 4-points, where the number of steps obtained, or 

the amount of time held translated into a specific score (Appendix I).  The ninth task (the last 

task in the balance component) was scored out of 5-points.  This yielded a potential maximum of 
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37-points which could be obtained in the nine tasks.  The lead researcher would instruct and 

direct the participant in each task that was done, and also scored the number of steps or time held 

in a position.  The research assistant, also trained in the BOT-2 protocols was present, and would 

be conferred with if there was a discrepancy in the time held in a position.  Following the 

completion of the BOT-2 assessment, all recorded times and scores were converted over to the 

corresponding score, as directed by the assessment form (Appendix I), and all scores were then 

summed to yield the overall balance score. 

3.6 Test of Gross Motor Development, 3rd Edition 

3.6.1 Assessment Specifics and Set-Up 

The final assessment battery that was administered was the Test of Gross Motor 

Development, 3rd Edition (TGMD-3), which is the most current version of the Test of Gross 

Motor assessment battery.  The TGMD-3 is a process oriented assessment batter which consists 

of two separate subsets: 1) Locomotor and 2) Object Control.  

Prior to the testing of the participants, the assessment area was set up in the 80-foot by 

12-foot of Vivo for Healthier Generations (Figure 3.14).   
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Figure 3.13 Locomotor area set-up. 

Pylons of four-colours were set up to make it easier for participants to understand the 

directions of where to start and end each locomotor task.  All four-coloured pylons that were 

being used were placed at the 0-foot line, and then 50-feet was measured in a straight indicating 

the longest segment, as signified by a yellow pylon was placed at the start and finish points 

(Figure 3.14).  The measurement was measured again from the 0-foot line, and measured 30-feet 

in a straight line, and was signified by a red pylon was placed at the start and finish points 

(Figure 3.14).  The measure was again made from the 0-foot line, and measured 25-feet in a 

straight line, and was signified by a blue pylon was placed at the start and finish point (Figure 

3.14).  The final measure from the 0-foot line, was measured 15-feet in a straight line, which was 

signified by a green pylon at the start and finish points (Figure 3.14).  
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The object-manipulation subset tasks were completed from two distances, 15-feet and 20-

feet (Figure 3.15 and Figure 3.16). These were marked from measuring at 0-feet at the wall, and 

measuring back to the two separate distances, and marked with taped lines, which were the same 

lines as used in the BOT-2 balance protocols. 

 

Figure 3.14 Object-control area set-up 1. 

 

Figure 3.15 Object-control area set-up 2. 
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The assessment battery took approximately 20-minutes to administer from beginning to 

end, and was completed in the exact same order for all 61-participants throughout the testing 

procedure days.  The participant was informed that the assessment would be completed in two 

parts, the first being the locomotor skills, and the second being the object-control skills.  The 

verbal directions given, were a reflection of the TGMD-3 scoring form (Appendix J) and the 

directions given in the TGMD-2 testing administrators manual (Ulrich, 2000).  As mentioned 

previously, the TGMD-3 assessment kit was not yet available for purchase, thus verbal directions 

were modified from the TGMD-2 assessment kit. 

Each of the 13-tasks being assessed began with verbal instructions, which varied 

depending on the task being performed.  The participant was informed that each task would be 

done twice, before moving onto the next task.  Following the verbal directions being given per 

task, the participant was asked if he or she understood the directions that were provided.   

If the participant understood the directions, the lead researcher would then demonstrate 

the task.  The lead researcher would position himself at the stacked pylons (starting line), and the 

research assistant (RA) would say, “Ready, Set, GO”.  On the word “GO” the lead researcher 

would perform the specific task, slightly slower than what was expected, and ensuring the task 

was done to the specifications of the criterion being assessed.  The participant was again asked if 

he or she understood the task being performed, and if they did, they were asked to position 

themselves at the starting point.   

In the event that the participant did not understand either the verbal directions, and/or the 

demonstration, a second set of verbal directions or a second demonstration was provided.  The 

lead researcher would then position the participant at the starting point, say “Ready, Set, GO”, 

and the participant would then complete two trials of the current task.  The RA would begin the 
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filming of the participant on the “Ready, Set, GO” mark, and continue to film as the participant 

completed the full task.  In the event that the participant, tripped, did not do the full length, or 

exceeded the required length, the task was restarted. 

3.6.2 Scoring 

The scoring of the TGMD-3 yielded an overall score, labeled as the General Motor 

Quotient (GMQ), two subset scores – locomotor and object control – and task specific scores for 

each of the tasks assessed in each specific subset (i.e., a running score, a gallop score and/or a 

kicking score).  As mentioned prior, and following the previous subsections of this chapter, the 

locomotor tasks were assessed first followed by the object control tasks, in the order that they 

appear in the TGMD-3 assessment form (Appendix J).  The lead researcher, with the assistance 

of the research assistant, instructed and directed each specific task.  The lead researcher would 

score each task in a binomial fashion, where a score of 0 indicated that the participant failed to 

complete a specific component of that task, and a 1 indicated the participant completed a specific 

component of the task.  Each task had a potential maximum total in each trial of 3, 4 or 5, and 

each trial was completed twice, yielding a maximum task score of 6, 8 or 10.  The locomotor 

subset contained 6-tasks, with a potential maximum score of 46-points, and the object control 

subset contained 7-tasks, with a potential maximum score of 54-points.  The GMQ was a result 

of the summation of the score awarded in the locomotor subset, and the score awarded in the 

object control subset, with a potential maximum of 100-points being awarded.  

The lead researcher would score each of the tasks live, and then would conduct intra-rater 

reliability two-weeks following the completion of all participant testing, as referred to earlier.  

Following the completion of the assessment of the participant, the lead researcher would then 
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summate the score in each specific task, followed by the sum of each specific subset, and finally 

calculate the sum of the GMQ.  

3.7 Procedure 

3.7.1 Ethics 

Ethics was obtained and approved through the University of Calgary Conjoint Health 

Research Ethics Board (CHREB). 

3.7.2 Location 

All assessment testing and program participation took place at Vivo for Healthier 

Generations (formerly known as Cardel Place), between the dates of September 1st, 2015 and 

April 30th, 2016.   

Assessments took place in “The Alley”, which was a semi-protected, subdivided area, 

between the gymnasiums at Vivo for Healthier Generations, while the 4-in-1 Physical Literacy 

programs and Active Recreation programs took place in various areas at Vivo for Healthier 

Generations. 

3.7.3 Random Assignment of Participants and Participation in the Study 

As discussed in a previous section of this chapter, participants were stratified according 

to days and times available, as given by the parent(s) and/or guardian(s) of the participants when 

expressing interest in the study through the recruitment form, and then randomly assigned into 

one of four groups.  All programs started at the beginning of September, with pre-assessments 

taking place within the middle two-weeks of September.  All participants then participated in 

either the specialised 4-in-1 Physical Literacy program, if assigned into one of the three groups, 

over eight-months, or participated in two self-selected Active Recreation programs per two-

month term.  The programs that parent(s) and/or guardian(s) could select for their child was not 
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controlled, meaning a child could be repeating the same activity up to a maximum of four-times 

over the eight-months of the study.  Post-assessments were done at the end of the seventh month 

of the program, and finishing midway through the eighth month.  The overall flow of the study 

can be seen below in Figure 3.17. 

 

Figure 3.16 Study time line. 
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3.7.4 Video Recording of Skills 

To ensure that there was a high level of intra-rater reliability within the study, it was 

deemed that video recordings should be completed to allow for intra-rater reliability to be 

completed at a later time point.  This allowed strength to be built within the reliability of the 

study, as an intra-rater reliability score of 90% was required on 10% of the participants TGMD-3 

scores – both in locomotor and object control – two weeks following the completion of pre and 

post-testing.  Video recording was completed by a research assistant (RA) trained in the TGMD-

3 and BOT-2 protocols.  Although the BOT-2 was not video recorded, the training of the RA in 

the BOT-2 protocols, allowed for inter-rater reliability to be maintained in the case of the lead 

research missing a step count or the dropping of a leg or hand during specific tasks. The videos 

were recorded for each specific task of the TGMD-3 using a Panasonic HDC-TM90 Full HD 

camera (Figure 3.10 to Figure 3.12). 

The Panasonic HDC-TM90 camera had a viewing window that folded out from the side, 

which allowed for easier viewing and tracking of the recording of the tasks (Figure 3.11), and 

was mounted on a tripod, which consisted of a swivel arm for steady tracking (Figure 3.12). 

The RA would press record as the lead research began with the “Ready, Set, GO” 

directions, and would end the recording of the specific task after the participant completed both 

trials.  All videos were saved to a SD Card, and then edited and labelled using the photo 

application on a MacBook Pro.  The edited versions of the videos were used to evaluate the intra-

rater reliability at a later date. 
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3.7.5 Pre-Program Assessment 

3.7.5.1 Pre-Program Assessment Reminder Email(s) 

One-month prior to the pre-program assessments, an email (Appendix F) was sent to the 

parent(s) and/or guardian(s) of the children in both the 4-in-1 Physical Literacy Program, and the 

Active Recreation Program to remind them of their child’s upcoming assessment.  At this point, 

we deemed it pertinent to ensure parent(s) and/or guardian(s) were still willing to have their child 

participate in the study.  Therefore, parent(s) and/or guardian(s) were asked to respond to the 

distributed email to confirm their children’s participation in the study.  In the chance of a parent 

and/or guardian withdrawing their child, another child would be selected from the remaining 

children who were not assigned to one of the arms of the study, and so on, until the participant 

spot was filled. 

Two children were withdrawn from the study at this point, as one parent did not respond 

to confirm their assessment time, and one parent could not make the program time(s) of which 

the child was offered.  Following the aforementioned contingency plan to ensure all programs 

were filled, parent(s) and/or guardian(s) of the children selected next were contacted, and offered 

a spot in the program.  In both cases, both spots were filled immediately, and those children were 

offered the assessment time slots of the children that were withdrawn from the study. 

A second email was distributed to parent(s) and/or guardian(s) one week prior to their child 

assessment time, to remind them of the assessment.  In this email, further information was 

provided, such as meeting location, how long the assessment was approximated to run, and 

opening up the conversation for any questions they might have. 
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3.7.5.2 Pre-Program Assessment  

 

 

3.7.5.2.1 Consent and Assent Forms 

The assessment started with the researcher reading the Child Assent Form (Appendix E) 

for the child, as it was predetermined that the child would not have the cognitive capacity at the 

age of 4 and 5 to fully read and comprehend this form.  After the completion of the reading of 

the Child Assent Form, the child was asked if he or she was willing to participate in the 

Meet Participants and Parents/Guardians at Front Desk

Complete Consent and Child Assent Forms

Collect Demographic Data & Anthropometric Measurements
• Demographic Questionnaire
• Hand/Foot Preference
• Height & Weight

Complete BOT-2 Balance Testing

Complete TGMD-3 Locomotor Subset Testing

Complete TGMD-3 Object-Control Subset Testing
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assessment tasks.  If the child said that he or she was willing to participate, the parent would 

initial for the child, as again it was predetermined that the child would not have the cognitive 

capacity to sign their own name given their age.  While the assent form was being read to the 

child, the parent(s) and/or guardian(s) were given the participant consent form to read and sign 

(Appendix D).  The research assistant would field any questions that the parent(s) and/or 

guardian(s) may have had during this time, regarding the assessment. 

3.7.5.2.2 Demographic Information 

Following the obtaining of consent from the parent(s) and/or guardian(s), as well as  

assent from the participant, demographic information was obtained and recorded in the 

Demographic Questionnaire (Appendix K).  Demographical information included such things as 

gender, socio-economic status, dominance (as seen in preferred hand and foot), and 

approximated daily physical activity.  The parent(s) and/or guardian(s) were asked the majority 

of the sections in the demographic questionnaire, while the anthropometric information from the 

child was added in after. 

As much of the literature refers to the gender of participants of whom are evaluated, the 

demographic questionnaire was set up to ask about parent(s) and/or guardian(s) selection of their 

child’s gender.  It is understood that sex could be more appropriate, as it refers to anatomical 

differences, whereas gender refers to self-identification, however, as this was the baseline testing 

of a seven-year prospective study, self-identification could change throughout the length of the 

program.  Thus, gender was used as a differentiator. 

3.7.5.2.3 Anthropometric Measures 

Two anthropometric measures were taken - height and weight.  Height was obtained 

through the use of a Seca 213 Stadiometer (Figure 3.1), and measurements were taken to the 
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nearest 0.1-centimeter. Two measurements were taken, with the difference of height having to be 

within 0.5-centimeters of each measurement. If the height measurements were above a 0.5-

centimeter difference, a third measurement was invoked and the mean of the three measurements 

was utilized. 

Weight was obtained through the use of a Tanita BF-689 Children's Body Fat Monitor 

electronic weight scale (Figure 3.2), which was calibrated prior to each use, and measured to the 

nearest 0.1kg.  As weight was obtained through the electronic scale, only one measurement was 

taken. 

These measures were utilized to find each child’s body mass index score (BMI).  

BMI = !"#$%&	()$)%"#$%&	(+), 

BMI is a valid measure of assessing overall health, as well as amount of body fat of children 

(Pietrobelli, Faith, Allison, Gallagher, Chiumello, & Heymsfield, 1998).  Pietrobelli et al. (1998) 

demonstrated a significant association between body fat and BMI (p<0.0001), and these results 

explain 85% (R2=0.85) of the between-subject variance in fatness. 

3.7.5.2.4 Dominance Testing 

The Test of Gross Motor Development (TGMD) includes skill tasks that require 

dominance testing to be completed prior to the TGMD assessment commencing as specific skill 

tasks are to be done using the dominant (preferred) hand and/or foot (i.e., hopping on one foot, 

two and one-hand striking and the throw variations).   

To assess hand dominance, each participant was asked to grab a pen from a table that was 

placed on a chest height table.  This was repeated twice, and if the child picked the pen up using 

the same hand each time, that was considered to be their dominant hand.  In the event that the 
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child used one hand in the first trial, and the other in the second trial, this was considered as 

undetermined.   

To assess foot dominance, each participant was asked to approach a stationary ball, and 

softly kick the ball.  Much like the hand dominance testing, this was done twice.  If the same foot 

was used for both kicks, that foot was considered the dominant foot.  In the event that the child 

switched the kicking foot between the first and second trial, the foot dominance was considered 

to be undetermined. 

3.7.5.2.5 Bruininks-Oseretsky Test of Motor Proficiency, 2nd Edition, Balance Assessment 

The following section will provide the specific verbal cues and directions in how each of 

the nine tasks of the Balance Subset was completed.  All timing was completed using a Sportline 

model 220 stopwatch (Figure 3.4). 

3.7.5.2.5.1 Standing with Feet Apart Single Line (eyes open).  The participant was asked to stand 

on the taped line, with feet pointing forward – toes pointing down the line – with 

hands placed on the hips.  They were directed to stand as still as they could for up to 

a maximum of 10-seconds.  Once the participant was in position, time was started on 

a Sportline model 220 stopwatch.  Time was stopped when the participant met the 

10-second maximum without deviating from the line or removing a hand from the 

hips, when a foot deviated from the line, or when a hand was removed from the hip.  

If the participant did not meet the 10-second maximum on the first trial, a second 

trial was given to allow the participant to reach the maximum time. 

3.7.5.2.5.2 Walking Forward on a Line.  The participant was asked to start at the end of the taped 

line, and walk forward down the line, with feet always landing on the line while 

maintaining hand placement on their hips.  As the participant walked down the line, 
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the number of steps was counted to a maximum of 6.  If the participant lifted a hand 

from their hip, or did not land on the line, the count was stopped, and recorded.  If 

the participant did not achieve the maximum of 6-steps, they were given another 

trial, with the same directions, to try and achieve the maximum value. 

3.7.5.2.5.3 Standing on One Leg on a Line (eyes open).  The participant was asked to stand on 

their preferred foot and raise the opposing foot with legs bent at a 45 to 90-degree 

angle at the knee, while maintaining hand placement on the hips.  This stance was 

done on the line that was taped on the ground.  They were instructed to maintain this 

position for a maximum of 10-seconds.  Once the participant was in position, time 

was started on a Sportline model 220 stopwatch.  Time was stopped when the 

participant met the 10-second maximum without deviating the foot from the line, the 

raised foot either dropped to ankle height or touched the ground, if the raised foot 

was wrapped around the posted foot, or if a hand was removed from the hip position.  

If the participant did not meet the 10-second maximum on the first trial, a second 

trial was given to allow the participant to reach the maximum time. 

3.7.5.2.5.4 Standing with Feet Apart on a Line (eyes closed).  The participant was asked to stand 

on the taped line, with feet pointing forward – toes pointing down the line – with 

hands placed on the hips and keeping their eyes closed.  They were directed to stand 

as still as they could for up to a maximum of 10-seconds.  Once the participant was 

in position and eyes were closed, time was started on a Sportline model 220 

stopwatch.  Time was stopped when the participant met the 10-second maximum 

without deviating from the line or removing a hand from the hips, when a foot 

deviated from the line, when a hand was removed from the hip, or when if the eyes 
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were opened at any point.  If the participant did not meet the 10-second maximum on 

the first trial, a second trial was given to allow the participant to reach the maximum 

time. 

3.7.5.2.5.5 Walking Forward Heel-to-Toe on a Line.  The participant was asked to start at the 

end of the taped line, and walk forward down the line with each step having the heel 

meeting the forward toes, with feet always landing on the line while maintaining 

hand placement remain on their hips.  As the participant walked down the line, the 

number of steps was counted to a maximum of 6.  If the participant lifted a hand 

from their hip, did not land on the line, or the heel did not meet the toes of the 

forward foot, the count was stopped, and recorded.  If the participant did not achieve 

the maximum of 6-steps, they were given another trial, with the same directions, to 

try and achieve the maximum value. 

3.7.5.2.5.6 Standing on One Leg on a Line (eyes closed).  The participant was asked to stand on 

their preferred foot and raise the opposing foot with leg bent at a 45 to 90-degree 

angle at the knee, while maintaining hand placement on the hips.  This stance was 

done on the line that was taped on the ground.  Once the participant was in position 

they were asked to close their eyes and instructed to try and maintain this position for 

a maximum of 10-seconds.  Once the participant was in position and eyes were 

closed, time was started on a Sportline model 220 stopwatch.  Time was stopped 

when the participant met the 10-second maximum without deviating the foot from 

the line, the raised foot either dropped to ankle height or touched the ground, if the 

raised foot was wrapped around the posted foot, if the eyes were opened, or if a hand 

was removed from the hip position.  If the participant did not meet the 10-second 
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maximum on the first trial, a second trial was given to allow the participant to reach 

the maximum time. 

3.7.5.2.5.7 Standing on One Leg on a Balance Beam (eyes open).  The participant was again 

asked to stand on their preferred foot and raise the opposing foot with leg bent at a 

45 to 90-degree angle at the knee, while maintaining hand placement on the hips.  

This stance was done on the BOT-2 balance beam (Figure 3.3).  They were 

instructed to maintain this position for a maximum of 10-seconds.  Once the 

participant was in position on the balance beam, time was started on a Sportline 

model 220 stopwatch.  Time was stopped when the participant met the 10-second 

maximum without deviating the foot from the balance beam, the raised foot either 

dropped to ankle height or touched the ground, if the raised foot was wrapped around 

the posted foot, if the participant fell off of the balance beam, or if a hand was 

removed from the hip position. If the participant did not meet the 10-second 

maximum on the first trial, a second trial was given to allow the participant to reach 

the maximum time. 

3.7.5.2.5.8 Standing Heel-to-Toe on a Balance Beam.  The participant was asked to stand on the 

BOT-2 balance beam, with foot placement being in a heel-to-toe stance.  The 

participant could place whichever foot they felt more comfortable with, in the 

forward position.  The participant was then asked to place their hands on their hips, 

and maintain the position for a maximum of 10-seconds.  Once the participant was in 

position, and balance was obtained, time was started on a Sportline model 220 

stopwatch.  Time was stopped when the participant met the 10-second maximum 

without deviating their feet from the balance beam, if participant fell off of the beam, 
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or if the participant raised a hand from the hip position. If the participant did not 

meet the 10-second maximum on the first trial, a second trial was given to allow the 

participant to reach the maximum time. 

3.7.5.2.5.9 Standing on One Leg on a Balance Beam (eyes closed).  The participant was again 

asked to stand on their preferred foot and raise the opposing foot with legs bent at a 

45 to 90-degree angle at the knee, while maintaining hand placement on the hips, 

while keeping their eyes closed.  This stance was done on the BOT-2 balance beam.  

They were instructed to maintain this position for a maximum of 10-seconds.  Once 

the participant was in position on the balance beam and eyes were closed, time was 

started on a Sportline model 220 stopwatch.  Time was stopped when the participant 

met the 10-second maximum without deviating the foot from the balance beam, the 

raised foot either dropped to ankle height or touched the ground, if the raised foot 

was wrapped around the posted foot, if the participant fell off of the balance beam, if 

eyes were open prior to the end of the 10-second maximum time, or if a hand was 

removed from the hip position.  If the participant did not meet the 10-second 

maximum on the first trial, a second trial was given to allow the participant to reach 

the maximum time. 

3.7.5.2.6 Test of Gross Motor Development, 3rd Edition, Locomotor Subset 

The first of the two TGMD-3 subsets which were assessed was the Locomotor subset.  

This subset consisted of six-tasks which were completed in a progressive manner, which was the 

same order as the TMGD-3 participant scoring form (Appendix J).  Each participant received the 

same set of verbal directions and demonstrations as discussed in a previous section in this 

chapter.  The following section highlights the specific verbal directions which were provided for 
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each specific task in the locomotor subset, as well as a visual representation of the set-up area 

unique to each task. 

3.7.5.2.6.1 TGMD-3 Locomotor Subset: Running Protocol.  The participant was asked to stand 

at the stack of four colour pylons at the beginning of the locomotor area (Figure 

3.14), as this acted as the starting point.  The participant was then asked, on the word 

“GO”, to run as fast as he or she could, all of the way to the yellow pylon, 50-feet 

away, stop, turn around, and run all the way back, again as fast as he or she could 

(Figure 3.18).  The exact verbal directions were as follows: “When I say GO, could 

you please run as fast as you can from this starting point, all of the way to the yellow 

pylon, stop, turn around, and run all of the way back to me.  Try and run like a 

cheetah, because they are really fast cats.  Can you do that for me?”  The participant 

was then asked if he or she understood the directions.   
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Figure 3.17 Locomotor task: Run. 

3.7.5.2.6.2 TGMD-3 Locomotor Subset: Galloping Protocol.  The participant was asked to stand 

at the stack of four colour pylons at the beginning of the locomotor area (Figure 

3.14), as this acted as the starting point.  The participant was then asked, on the word 

“GO”, to gallop to the blue pylon, 25-feet away, stop, turn around, and gallop all the 

way back (Figure 3.19).  The exact verbal directions were as follows: “When I say 

GO, could you please gallop from this starting point, all of the way to the blue pylon, 

stop, turn around, and gallop all of the way back to me.  Try and gallop like a 
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pony/horse.  Can you do that for me?”  The participant was then asked if he or she 

understood the directions. 

 

Figure 3.18 Locomotor task: Gallop. 

3.7.5.2.6.3 TGMD-3 Locomotor Subset: Hopping Protocol.  The participant was asked to stand 

at the stack of four colour pylons at the beginning of the locomotor area (Figure 

3.14), as this acted as the starting point.  The participant was then asked, on the word 

“GO”, to hop to the green pylon, 15-feet away, stop, turn around, and hop all the way 

back (Figure 3.20).  The participant was further instructed on the foot to use, as 
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established in the hand and foot dominance testing during the anthropometric testing 

at the beginning of the assessment.  These instructions were in line with the 

instructions put forward in the TGMD testing manual (Ulrich, 2000).  The exact 

verbal directions were as follows: “When I say GO, could you please hop on –

whichever foot was determined to be the preferred foot - from this starting point, all 

of the way to the green pylon, stop and turn around on both feet, and then hop on the 

same foot all of the way back to me.  Can you do that for me?”  The participant was 

then asked if he or she understood the directions. 

 

Figure 3.19 Locomotor Task: Hop. 
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3.7.5.2.6.4 TGMD-3 Locomotor Subset: Skipping Protocol.  The participant was asked to stand 

at the stack of four colour pylons at the beginning of the locomotor area (Figure 

3.14), as this acted as the starting point.  The participant was then asked, on the word 

“GO”, to skip to the red pylon, 30-feet away, stop, turn around, and skip all the way 

back (Figure 3.21).  The exact verbal directions were as follows: “When I say GO, 

could you please skip from this starting point, all of the way to the red pylon, stop 

and turn around, and then skip all of the way back to me.  Can you do that for me?”  

The participant was then asked if he or she understood the directions. 

 

Figure 3.20 Locomotor task: Skip. 
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3.7.5.2.6.5 TGMD-3 Locomotor Subset: Horizontal Jump Protocol.  The participant was asked to 

stand at the stack of four colour pylons at the beginning of the locomotor area 

(Figure 3.14), as this acted as the starting point.  The participant was then asked, on 

the word “GO”, to jump, from a two-foot stance, as far forward as he or she could, 

while landing on two feet, stop and return to the starting point to repeat the task 

(Figure 3.22).  The exact verbal directions were as follows: “When I say GO, could 

you please jump as far forward as you can off of two feet from this starting point.  

When you land, come back to the starting line, where we will repeat the jump.  Can 

you do that for me?”  The participant was then asked if he or she understood the 

directions. 

 

Figure 3.21 Locomotor task: Horizontal Jump. 
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3.7.5.2.6.6 TGMD-3 Locomotor Subset: Sliding Protocol.  The participant was asked to stand at 

the stack of four colour pylons at the beginning of the locomotor area (Figure 3.14), 

as this acted as the starting point.  The participant was then asked, on the word 

“GO”, to side slide to the blue pylon, 25-feet away, stop, and side slide all the way 

back (Figure 3.23).  This was directed to be done two consecutive, ensuring the 

participants side slides theoretically twice with the right foot leading, and twice with 

the left foot leading.  The participant was also direct to either face the lead researcher 

and research assistant for both trials, or face the wall for both trials.  The foot which 

was leading at the beginning of each trial was at the discretion of the participants.  

Lastly, the participant was instructed to keep the arms raised at shoulder height, with 

hands point directly out to the left and right.  This allowed for better viewing and 

scoring of the participant throughout the skill task.  The exact verbal directions were 

as follows: “When I say GO, could you please side slide from this starting point, all 

of the way to the blue pylon, stop, and then skip all of the way back to me.  This will 

be repeated twice.  You can decide which way you want to face, but please make 

sure you stay facing that direction for the full trial.  Also make sure that your arms 

stay raised like a “T” throughout the trial.  Can you do that for me?”  The participant 

was then asked if he or she understood the directions.   
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Figure 3.22 Locomotor task: Slide 

3.7.5.2.7 Test of Gross Motor Development, 3rd Edition, Object-Control Subset 

The second of the two TGMD-3 subsets which were assessed, was the Object-control 

subset.  This subset consisted of seven-tasks which were completed in a progressive manner, 

which was the same order as the TMGD-3 participant scoring form (Appendix J).  Each 

participant received the same set of verbal directions and demonstrations as discussed in a 

previous section in this chapter.  The following section highlights the specific verbal directions 

which were provided for each specific task in the locomotor subset, as well as a visual 

representation of the set-up area unique to each task. 
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3.7.5.2.7.1 TGMD-3 Object-Control Subset: Two-Hand Strike Protocol.  The participant was 

asked to stand on beside the Franklin MLB Tee-Ball set (Figure 3.5), which was set 

up 15-feet from a wall (Figures 3.24).  The participant was then asked, on the word 

“GO”, to strike (bat) the ball, sitting on the tee-stand, hard and forward towards the 

wall.  The participant was also informed that this would be completed twice, with 

each trial beginning on the word “GO”.  No direction was given to the participant on 

which had should be the dominant grip hand on the bat, nor on the side of the tee-

stand in which they would stand.  This was negated from the directions as part of 

two-hand striking scoring components included the participant gripping the bat with 

proper hand placement (i.e. right hand over left hand), and approaching of the tee-

stand based on the hand dominance testing done during the anthropometric stage of 

the assessment. The exact verbal directions were as follows: “When I say GO, could 

you please hit the ball off of the tee, going forward – the lead researcher would point 

towards the wall- as hard as you can.  This will be repeated twice. Can you do that 

for me?”  The participant was then asked if he or she understood the directions. 
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Figure 3.23 Two-hand striking set-up area. 

3.7.5.2.7.2 TGMD-3 Object-Control Subset: One-Hand Strike Protocol.  The participant was 

asked to grip the Primary Skills Bat (Figure 3.6) in one hand, while raising the 

Wilson Soft-Tennis ball (Figure 3.7) in the other hand, and stand on a line which was 

set up 15-feet from a wall (Figure 3.25).  The participant was then asked to begin by 

raising the Wilson Soft-Tennis ball above their head.  On the word “GO”, the 

participant was instructed to drop the Wilson Soft-Tennis ball and wait for it to 

rebound (bounce) off of the ground.  When the Wilson Soft-Tennis ball bounced off 

of the ground, they were instructed to strike the ball forward towards the wall using 

the Primary Skill Bat forward toward the wall.  The participant was also informed 

that this would be completed twice, with each trial beginning on the word “GO”.  No 



 

73 

direction was given to the participant on which hand should be the dominant grip 

hand on the bat, nor on the hand to hold the ball in.  Assistance of proper hand 

selection was not given as one of the scoring tasks of the one-hand striking scoring 

components included the participant gripping the bat with proper hand based on the 

dominance test, which was administered in the anthropometric testing, raising the 

ball in the non-dominant hand and facing the proper direction prior to the striking 

component.  The exact verbal directions were as follows: “When I say GO, could 

you drop the tennis ball, and wait for it to hit the ground, and bounce.  When the ball 

bounces back up, strike the ball with the paddle, forward, – the lead researcher would 

point towards the wall- as hard as you can.  This will be repeated twice. Can you do 

that for me?”  The participant was then asked if he or she understood the directions. 

 

Figure 3.24 One-hand striking set-up area. 
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3.7.5.2.7.3 TGMD-3 Object-Control Subset: One-Hand Stationary Dribble Protocol.  The 

participant was asked to dribble an eight-inch 4 Square Care playground ball (Figure 

3.8) using only one hand, from a stationary position on a line (Figure 3.26).  On the 

word “GO”, the participant was instructed to dribble the 4 Square Care playground 

ball for four consecutive bounces, and after the fourth bounce retrieve the 

playground ball by catching it in both hands.  They were also asked to keep 

stationary, while bouncing the ball, and not to move their feet off of the line they 

were positioned on.  The participant was also informed that this would be completed 

twice, with each trial beginning on the word “GO”.  No direction was given to the 

participant on which hand should be used to bounce the ball, but not to switch hands 

during the four bounces.  The exact verbal directions were as follows: “When I say 

GO, could you bounce the ball four times, and after the fourth bounce, catch the ball 

in both of your hands.  This will be repeated twice. Can you do that for me?”  The 

participant was then asked if he or she understood the directions. 
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Figure 3.25 One-hand stationary dribble set-up area. 

3.7.5.2.7.4 TGMD-3 Object-Control Subset: Two-hand Catch Protocol.  The participant was 

asked to catch a Wilson Soft-tennis ball (Figure 3.7) using both hands, from a 

stationary position on a line 15-feet from the lead researcher who threw the ball at in 

an underhand throw fashion (Figure 3.27).  The lead researcher would confirm the 

participant was ready to catch the ball and would throw the ball on the phrase “I’m 

going to pass you the ball now.”  The participant was instructed to catch the ball 

being thrown at him or her using both hands.  The participant was also instructed that 

he or she could move or shift if needed to, to ensure the ball was being caught.  The 

participant was also informed that this would be completed twice.  The exact verbal 

directions were as follows: “I am going to pass this ball to you, and I would like you 
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to catch the ball with both hands.  You can move or shift to allow you to catch the 

ball, but try not to move too much.  This will be repeated twice. Can you do that for 

me?”  The participant was then asked if he or she understood the directions. 

 

Figure 3.26 Two-hand catch, underhand and overhand throw set-up area. 

3.7.5.2.7.5 TGMD-3 Object-Control Subset: Kick Protocol.  The participant was asked to kick a 

Star Stats size 3 soccer ball (Figure 3.9) from a line 25-feet from a wall, utilizing a 

running approach (Figure 3.28).  On the word “GO”, the participant was instructed to 

use a running approach to kick the Star Stats soccer ball against a wall.  The 

participant was also informed that this would be completed twice, with each trial 

beginning on the word “GO”.  No direction was given to the participant on which 

foot should be used to kick the ball, but this was being assessed in the scoring sheet 

based on the foot preference determined in the anthropometric testing.  The exact 
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verbal directions were as follows: “When I say GO, perform a running approach 

toward the soccer ball, and kick the ball against the wall – the lead researcher would 

point towards the wall 25-feet away.  This will be repeated twice. Can you do that 

for me?”  The participant was then asked if he or she understood the directions. 

 

Figure 3.27 Kick set-up area. 

3.7.5.2.7.6 TGMD-3 Object-Control Subset: Overhand Throw Protocol.  The participant was 

asked to perform an overhand throw of a Wilson Soft-tennis ball (Figure 3.7) from a 

line 25-feet from a wall (Figure 3.27) on the word “GO”.  The participant was also 

informed that this would be completed twice, with each trial beginning on the word 

“GO”.  No direction was given to the participant on which hand should be used to 

overhand throw the ball, but this was being assessed in the scoring sheet based on the 

hand preference determined in the anthropometric testing.  The exact verbal 
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directions were as follows: “When I say GO, could you throw the ball against the 

wall (the lead researcher would point towards the wall 25-feet away) using an 

overhand throw.  This will be repeated twice. Can you do that for me?”  The 

participant was then asked if he or she understood the directions. 

3.7.5.2.7.7 TGMD-3 Object-Control Subset: Underhand Throw Protocol.  The participant was 

asked to perform an underhand throw of a Wilson Soft-tennis ball (Figure 3.7) from 

a line 15-feet from a wall (Figure 3.27) on the word “GO”.  The participant was 

informed that the underhand throw must hit the wall, which was 15-feet from the line 

he or she was positioned on.  The participant was also informed that this would be 

completed twice, with each trial beginning on the word “GO”.  No direction was 

given to the participant on which hand should be used to overhand throw the ball, but 

this was being assessed in the scoring sheet based on the hand preference determined 

in the anthropometric testing.  The exact verbal directions were as follows: “When I 

say GO, could you throw the ball against the wall (the lead researcher would point 

towards the wall 15-feet away) using an overhand throw.  This will be repeated 

twice. Can you do that for me?”  The participant was then asked if he or she 

understood the directions. 

3.7.5.3 Video Editing 

As mentioned previously, videos were recorded of all participants being assessed.  The 

videos were clips of each of the TGMD-3 tasks being assessed, and of both trials.  Following the 

completion of the assessment, the lead researcher downloaded all videos into the video editing 

application on a MacBook Pro, to be edited down, and recoded as the participant code, 

assessment time (i.e. pre or post), and the specific task being performed.  The editing down of 
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the video simply entailed the removal of any footage prior to the beginning of the task, or any 

footage following the completion of the task that was not needed.  The performance of each task 

was not edited or altered in any way.  The editing was primarily conducted to allow for easier 

intra-rater reliability scoring to be conducted following the completion of the pre and post 

assessments 

3.7.6 Post-Program Assessment 

3.7.6.1 Post-Program Assessment Registration and Reminder Emails 

The post-program assessment took place in April of 2016, within the last month of the 

spring programs at Vivo for Healthier Generations and the specialised program.  The assessment 

took place during this time, as the program was following the same schedule as a kindergarten 

school program, and this program ended in April.  To ensure all participants were still available, 

the first weekend of April was specifically utilized to perform all follow-up assessments, with 

the third weekend of April acting as a “catch-up” week, to assess any participants that were not 

available during the times and dates available for selection. 

3.7.6.2 Doodle Invitation 

Unlike the pre-program assessment registration that was conducted during the 

information session prior to the commencement of the program, there were no scheduled 

meetings for parent(s) and/or guardian(s) of the participants prior to the post-program assessment 

times.  Therefore, a Doodle Poll was utilized to send out email invitations to sign-up on a first-

come, first-serve basis for available times.  Time-slots were preloaded into a Doodle poll from 

Thursday, March 31st to Sunday, April 3rd, in 30-minute intervals.  This poll was then emailed to 

the parent/guardian email list, inviting them to log onto the website, and sign-up for only one-

time slot which worked best for them and their child.  As each time-slot was filled, the poll 
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blocked out that time slot for any future selection, ensuring there was no double booking of time 

slots.  The lead researcher would also email a confirmation email to the parent(s) and/or 

guardian(s) of each participant as the time slot was filled.  All but four participants were able to 

attend the pre-determined time slots.  Of the remaining four participants, two had withdrawn 

from the program, and two were invited in for a make-up assessment day on Sunday, April 17th.   

3.7.6.3 Assessment Reminder Email 

All parents and/or guardians were emailed one week prior to the assessment day, and 

two-days prior to the assessment day of their child, reminding them of the upcoming assessment.  

Much like the pre-program assessment reminder email, this email included the date and time of 

the assessment, and the location as to where the research team would meet them, and the 

approximate length of the assessment.  In the event that any participant was unable to attend, the 

make-up day of Sunday, April 17th, would have been utilized.  However,  all participants were 

able to make the testing days and times in which they were scheduled for. 

3.7.6.4 Post-Program Assessment Alterations 

The post-program assessment followed the exact same protocol as the pre-program 

assessment, with two minor alterations.  The first alteration was the removal of the 

consent/assent form signing, as this was done in the pre-program assessment.  The second 

alteration was to the length of the time of each assessment.  In the pre-program assessment, the 

length of time in each assessment slot was scheduled for one-hour.  As this was deemed to be too 

long of a time slot for an assessment, the assessments in the post-program were scheduled at a 

30-minute length.  This was ample time to complete all parts of the assessment.  No other 

alterations were made to the post-program assessment, when compared to the pre-program 

assessment. 
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3.7.6.5 Attrition 

A total of 61-participants were selected into the study in July of 2015.  Of the 61-

participants, two participants withdrew from the study within the first two months.  As they were 

part of the Active Recreation Program (control group), this was unnoticed until invitations were 

sent out to sign-up for the post-program assessment.  One parent did respond to this email, to 

inform the researcher that their child did not participate in any programs following the month of 

October, 2015.  No exit interview was conducted, as the parent did not want to provide any 

further explanation of the withdrawal from the program. The other parent(s) and/or guardian(s) 

did not respond.  With two participants withdrawing from the study, the study ended with an 

attrition rate of 3.27%. 

3.8 Data Collection and Statistical Analysis 

3.8.1 Data Collection 

Data collection of the study’s data was done live, during each of the assessment time 

points, with intra-rater reliability being conducted two-weeks following each specific time point.  

The data was collected for the BOT2 data on the BOT2 balance component print off, and the 

TGMD-3 data on the TGMD-3 assessment print off, for each individual participant.  The 

demographic data collected in the pre-program assessment, was also collected in a hard-copy 

format.   

The assessment sheets for each participant were coded with their unique ideas, and stored 

in individual file folders.  This allowed for easier management of the data of each participant.  

The participant assent and consent forms were also stored in the file of each individual 

participant. 
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The hard-copy data was then transcribed into an excel-spread sheet, which contained the 

demographic data, the BOT2 pre and post scores, as well as the TGMD-3 pre and post scores.  

All unique tasks and components of tasks were included in the electronic excel spreadsheet.  This 

ensured that the data in the electronic form was an exact duplicate of the hard-copy assessments 

and forms.  

 To ensure proper entry of the data, 10% of the participants were selected at random, and 

all data for those participants selected were then re-entered.  This ended in six-participants being 

selected, and the data points and values being re-entered and checked.  The reliability of this data 

yielded a score of 98.4%, with only two errors being made in all data points across the six-

selected participants.  The first error being a wrong-coding of a sport, and the second being a 

blank-space in lieu of a 0 score.  With this reliability score, it was deemed that no further data 

checks needed to be done.  

3.8.2 Statistical Analysis 

Following the checking of all data for any errors, and cleaning the excel spreadsheet, all 

data was entered into SPSS statistical analysis software (version 22) to be cross checked for any 

missing or incorrect values, as well as for analysis.  The statistical methods used on the data set 

included; descriptive statistics, paired t-tests, two-way analysis of variance (2-way ANOVA), 

multiple variable analysis of variance (MANOVA), multiple variable analysis of variance with 

covariates (MANCOVA), and parametric correlations. 

The use of the MANCOVA was determined as per the work of Van Wyk (2016). As the 

results are similar in nature, and the study was the baseline measure of a seven-year prospective 

study, using Van Wyk’s intentionally designed program, similar statistical modeling was 

determined to be appropriate.  Though the assumptions of the MANCOVA were tested, and one 
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confounding variable was violating the assumptions, the MANCOVA was still determined to be 

the optimal model to use, to determine overall interaction effects among the multiple variables 

within the study. 

3.9 Variables 

3.9.1 Independent Variables 

Three independent variables were present in the current study;  

1) The programming type 

a. 4-in-1 Physical Literacy Program 

b. Active Recreation Programming (Standard Recreation Programs) 

2) Gender of the children 

a. Male 

b. Female 

3) The repeating measure of the assessment, being pre, and post program testing dates 

3.9.2 Dependent Variables 

The overall outcome of the study was the motor proficiency of children as measured through 4 

subsets;  

1) The first outcome measure (dependent variable) was the locomotor proficiency, as 

measured by the locomotor subset standard score. 

2) The second outcome measure was the object-control proficiency, as measured by the 

object-control subset standard score.  

3) The general motor quotient, as measured by the summation of the locomotor and 

object-control scores. 
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4) The BOT-2 balance subset. These will help determine the motor proficiency of 

children pre and post intervention. 

3.9.3 Covariates and Confounding Variables 

Two variables are present in the study that may constitute as potential confounders that may need 

to be accounted for during the analysis of the data collected; 

1) Body Mass Index (BMI) 

2) Socio-economic Status which was self-reported for in the demographic questionnaire. 

3.10 Research Design: Randomized Controlled Trial (RCT) 

The research project was of a quasi-experimental design  which utilized an intervention 

model, separating the participants into four groups through stratification and random assignment.  

Following random selection into the study, stratification based on times and days available took 

place.  Participants who had availability on the days the 4-in-1 Physical Literacy program was 

offerered (further based on times available) were then separated into either three groups which 

were randomly assigned into the specialised 4-in-1 Physical Literacy program (AM 4-in-1 

Physical Literacy program, PM1 4-in-1 Physical Literacy program, PM2 4-in-1 Physical Literacy 

program).  If participants who had availability during the 4-in-1 program days/times were not 

randomly assigned into the specialised program, they were assigned to the Active Recreation 

program group (control) with the randomly selected  participants who did not have availability 

during the specialised program times. 

3.11 Hypotheses 

3.11.1 Primary Hypothesis 

Based on the available literature, and from the work of Van Wyk (2016), a series of 

hypotheses were created for this study; 
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1) It is hypothesized that there will be an increase in mastery of fundamental movement 

skills from the beginning of the study and the end in all children who participated in 

the study. 

2) It is hypothesized that there will be a gender difference in fundamental movement 

skill mastery, wherein males will have better mastery than females. 

3) It is hypothesized that of children who participate in the specialised eight-month 4-in-

1 Physical Literacy program will show significantly better mastery of fundamental 

movement skills that their counterparts who participate in the Active Recreation 

programming, following the completion of the program.  
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Chapter Four: Results 

Data was collected at two specific time points in the eight-month study, September, 

acting as the pre-test, and April, acting as the post test.  All data was collected and scored in a 

live setting, with video-recordings of each participant being utilized as way to ensure high intra-

rater reliability.  The data was then analysed through a series of statistical analyses to discern if 

any changes were significant. 

Sixty-one participants were recruited through an online registration file, in which 

parent(s) and/or guardian(s) submitted recruitment forms to be selected into the study.  It was 

found that a snowball effect took place with this recruitment strategy, as many parents and/or 

guardian(s) would communicate this opportunity to friends and families who had children of 

similar age to their own.  These forms were sent out to the email basis of Vivo for Healthier 

Generations, as well as online promotion on Vivo for Healthier Generations website, and posters 

placed around the facility.  Of the 61-participants, data from two participants was excluded as 

they opted to withdraw from the study. 

As discussed previously, parent(s) and/or guardian(s) of the participants self-selected an 

one-hour slot in September, and a thirty-minute slot in April for their child’s assessments.  

Parent(s) and/or guardian(s) of the participants were asked to dress their child in light, casual or 

active wear, and to wear running shoes. 

4.1 Statistical Analysis Tools 

All statistical analyses were completed through IMB SPSS (version 24) and through 

Microsoft Excel 2015. 
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4.2 Descriptive Statistics 

4.2.1 Characteristics of Sample 

Demographic data collected through the Demographic Questionnaire (Appendix K) 

resulted in the data summarized in Table 4.1 through Table 4.3.  Sixty-one participants were 

initially recruited; however,  complete data collection was only completed for 59 participants 

(N=59) as two participants withdrew from the study.   

The participants at the beginning of study were all within the age range of 4 to 5-years 

old, Mage = 5.2, SD= 0.38.  All participants were randomly allocated to either the Active 

Recreation Program group (n=22), which represented the control group, or to the 4-in-1 Physical 

Literacy Program group (n=37), which represented the intervention group.  The 4-in-1 Physical 

Literacy Program was further broken down into three distinct groups: AM 4-in-1 Physical 

Literacy Program (n=13), PM1 4-in-1 Physical Literacy Program (n=12), and PM2 4-in-1 

Physical Literacy Program (n=12).   

Participants were measured for both height and weight at both the beginning and at the 

end of the study, and their respective body mass index (BMI) was calculated from the values 

taken.  Anthropometric measures, specifically at the end of the study, demonstrated that the 

mean height of participants was Mheight = 112.76cm (4.31cm), the mean weight of participants 

was Mweight = 19.59kg (2.93kg), and the mean BMI of participants was 15.18kg/m2 (1.51kg/m2) 

(Table 4.1).  Table 4.5 showcases the anthropometric breakdown of participants according to 

their assignment in either the control group, or the intervention groups. 
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Table 4.1 Demographic Information of Participants 

Variable Mean Standard 
Deviation 

Age 5.21 0.34 

SES 2.17 0.38 

Height Time 1 (cm) 
 

109.85 4.16 

Height Time 2 (cm) 
 

112.76 4.31 

Height Difference (cm) 2.91 0.15 

Weight Time 1 (kg) 
 

18.39 2.54 

Weight Time 2 (kg) 
 

19.59 2.93 

Weight Difference (kg) 1.2 0.93 

Body Mass Index Time 1 (kg/m2) 
 

15.18 1.51 

Body Mass Index Time 2 (kg/m2) 
 

15.36 1.71 

Body Mass Index Difference 0.18 .20 

 

The self-reported Socio-economic Status (SES) of the sample predominantly fell within 

the medium SES category (n=49), with ten participants (n=10) reporting in the high SES 

category.  The self-reported ethnicity of the sample was predominantly Caucasian (47.5%; 

n=28), with the next highest self-reported ethnicity being that of Mixed (16.9%; n=10), then 

Chinese (13.6%; n=8), while the rest of the sample fell within multiple other reports (Table 4.2 

and Figure 4.1).  Most participants were also enrolled into a public school for kindergarten 

(52.5%; n=31), while there was a relatively equal proportion of participants enrolled in the 

separate school system (20.3%; n=12), and charter school system (18.6%; n=11) (Table 4.3 and 
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Figure 4.2).  The remaining students were enrolled into either a private school system or were 

home schooled (Table 4.3). 

Table 4.2 Self-Reported Ethnicity of Participants 

Self-Reported 
Ethnicity 

Frequency Percentage Cumulative 
Percentage 

Caucasian 28 47.5 47.5 

Chinese 8 13.6 61.0 

Filipina 2 3.4 64.4 

Asian 4 6.8 71.2 
South American 1 1.7 72.9 

South Asian 2 3.4 76.3 

Mixed 10 16.9 93.2 
Egyptian 1 1.7 94.9 

Hispanic 1 1.7 96.6 

East Indian 1 1.7 98.3 

African 1 1.7 100.0 

 

  
Figure 4.1 Self-reported ethnicity of participants by parent(s) and/or guardian(s). 
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Table 4.3 Self-Reported Education Setting of Participants 

School Type Frequency Percentage Cumulative 
Percentage 

Public 31 52.5 52.5 

Separate 12 20.3 72.9 

Charter 11 18.6 91.5 

Private 3 5.1 96.6 

Other/Home 2 3.4 100.0 

	

  
Figure 4.2 Self-reported educational establishment enrolment by parent(s) and/or 
guardian(s).	
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majority of participants engaged in three duration periods; 28.8% of participants engaged in 0 to 

30 minutes of physical activity daily (n=17), 27.1% of participants engaged in 90 to 120 minutes 

of physical activity daily (n=16), and 22.9% of participants spent between 150 to 180 minutes of 

physical activity.  There was a variation of some other durations in which children participated 

in, however, the three duration frames above represented 78.8% of the participants in the sample. 

Table 4.4 Parent Reported Physical Activity Duration of Their Child Per Day 

Minutes 
Per Day 

Frequency Percentage Cumulative 
Percentage 

0-30 1 1.7 1.7 

30-60 17 28.8 30.5 

60-90 4 6.8 37.3 

90-120 16 27.1 64.4 

120-150 1 1.7 66.1 

150-180 13 22.9 88.1 

180-210 0 0.0 88.1 

210-240 4 6.8 94.9 

240-270 0 0.0 94.9 

270-300 2 3.4 98.3 

300-330 0 0.0 98.3 

330-360 1 1.7 100.0 
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Figure 4.3 Self-reported daily physical activity of participant by parent and/or guardian. 
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Table 4.5 Program Specific Participant Demographic Breakdown 

 Gender SES Height (cm) Weight (kg) Body Mass Index (BMI) 
(m2/kg) 

Program 
Type 

Male Female   Time 1 Time 2 Time 1 Time 2 Time 1 Time 2 

Control 10 12 2.14 
(0.34) 

109.39(3.93) 112.42(4.12) 18.13(2.48) 19.24(3.04) 15.12(1.69) 15.20(1.96) 

Intervention 14 23 2.19 
(0.39) 

110.13(4.16) 112.95(4.29) 18.54(2.53) 19.80(2.80) 15.21(1.38) 15.46(1.51) 

Overall 24 35 2.17 
(0.38) 

109.85(4.16) 112.76(4.31) 18.39(2.54) 19.59(2.93) 15.18(1.51) 15.36(1.71) 
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Figure 4.4 Self-reported gender of participants by parent(s) and/or guardian(s). 
 

 
Figure 4.5 Height of participants by group at pre-program assessment and post-program 
assessment, measured in centimeters. 
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Figure 4.6 Weight of participants by group at pre-program assessment and post-program 
assessment, measured in kilograms. 

 

  
Figure 4.7 Body mass index of participants by group at pre-program assessment and post-
program assessment, measured as kilograms per squared-meters. 

 

18.13 18.54 18.39
19.24 19.80 19.59

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

22.00

24.00

Control Intervention Overall

Program Type

W
ei

gh
t (

kg
)

Weight Time 1 Weight Time 2

15.12 15.21 15.1815.20 15.46 15.36

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

Control Intervention Overall

Program Type

B
od

y 
M

as
s 

In
de

x 
(k

g/
m

^2
)

Body Mass Index (BMI) Time 1 Body Mass Index (BMI) Time 2



 

96 

4.2.2 Handedness and Footedness of Participants 

At the beginning of baseline testing, handedness and footedness of each participant was 

determined to allow for accurate scoring of skills to be completed.  As seen in Table 4.6, 74.6% 

of the participants were right-handed in their preference (n=44), with 11.5% being undetermined 

in their handedness preference (n=11), and 6.8% being left-handed (n=4).  As seen in Table 4.7, 

76.3% of participants were right-footed (n=45), 5.1% of participants were undetermined in their 

footedness preference (n=3), and 18.6% of participants were left-footed (n=11). 

Table 4.6 Handedness Preference of Participants 

Hand 
Preference 

Frequency Percentage Cumulative 
Percentage 

Right 44 74.6 74.6 

Left 4 6.8 81.4 

Undetermined 11 18.6 100.0 

 

  
Figure 4.8 Hand preference of participants. 
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Table 4.7 Footedness Preference of Participants 

Foot 
Preference 

Frequency Percentage Cumulative 
Percentage 

Right 45 76.3 76.3 

Left 11 18.6 94.9 

Undetermined 3 5.1 100.0 

 

 
Figure 4.9 Foot preference of participants. 
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assessed through the use of the Test of Gross Motor Development, 3rd Edition (TGMD-3), and 

balance was assessed through the use of the Bruininsk-Oseretsky Test of Motor Proficiency, 2nd 

Edition (BOT-2).  The following subsections review the descriptive statistics of the 

measurements performed at both the pre-assessment time-point and post-assessment time point. 

4.2.3.1 Descriptive Statistics of Pre-Program Assessment 

Below are the tables of the descriptive statistical analysis of the various measures of the 

study, which were obtained during the pre-program assessment evaluation period.  Table 4.8 

displays the descriptive statistical analysis of the central tendencies of the measurements which 

were assessed.  As seen in Table 4.5, at pre-program assessment, the mean height of the 

participants was 109.85(4.16)cm, with a mean weight of 18.39(2.54)kg.  The mean score of 

locomotor skills of the participants was 26.63(7.93), out of a total maximum potential score of 

46.00.  The mean score of the object-control skills of participants was 20.92(6.83), out of a total 

maximum potential score of 54.00.  The overall score, known as the General Motor Quotient 

(GMQ), had a mean score of 47.54(12.66), out of a maximum potential score of 100.00.  The 

balance score is labelled as BOT2 Balance in Table 4.8, and displays a mean balance score of 

participants at 24.73(4.51), out of a maximum potential score of 31.00. 
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Table 4.8 Descriptive Statistical Analysis Pre-Program Assessment Measures 

 

 
 

  
Figure 4.10 Descriptive statistics of pre-program assessment outcome measures. 
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4.2.3.1.1 Descriptive Statistics of Pre-Program Assessment of Locomotor Skills 

When referencing the locomotor skills of participants, the mean of the skills was 

26.63(7.93), as seen in Table 4.8 (Figure 4.10). The descriptive statistics of each specific skill 

within the locomotor skill set is displayed in Table 4.9 (Figure 4.11).  The highest mean score 

achieved was in the running skill, with a mean score of 6.25(1.83) out of a maximum potential 

score of 8.00, whereas the lowest mean score achieved was in the skipping skill, with a mean 

score of 2.75(2.05) out of a maximum potential score of 6.00. 

 

Table 4.9 Descriptive Statistical Analysis of Pre-Program Assessment of Locomotor Skills 

Variable Pre-Assessment 

  Mean Standard 
Deviation 

Run 6.25/8 1.83 

Gallop 4.26/8 2.06 

Hop 4.19/8 2.46 

Skip 2.75/6 2.05 

Horizontal 
Jump 4.68/8 1.94 

Slide 4.51/8 2.56 
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Figure 4.11 Descriptive statistics of pre-program assessment of locomotor skills. 
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Table 4.10 Descriptive Statistical Analysis of Pre-Program Assessment of Object-Control Skills 

Variable Pre-Assessment 

  Mean Standard 
Deviation 

Two-hand 
Strike 5.17/10 2.02 

One-hand 
Strike 1.90/8 2.10 

One-hand 
Dribble 1.00/6 1.55 

Two-hand 
Catch 3.29/6 1.27 

Kick 3.81/8 1.46 

Overhand 
Throw 2.68/8 1.71 

Underhand 
Throw 3.07/8 1.91 

 

  
Figure 4.12 Descriptive statistics of pre-program assessment of object-control skills. 
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4.2.3.2 Descriptive Statistics of Post-Program Assessment 

Similar to the previous section, below are the tables of the descriptive statistical analysis 

of the various measures of the study which were obtained during the post-program assessment 

evaluation period.  Table 4.11 (Figure 4.13) displays the descriptive statistical analysis of the 

central tendencies of the measurements which were assessed.  As seen in Table 4.5, at pre-

program assessment, the mean height of the participants was 112.76(4.31)cm, with a mean 

weight of 19.59(2.93)kg.  The mean score of locomotor skills of the participants, was 

30.22(5.93), out of a total maximum potential score of 46.00.  The mean score of the object-

control skills of participants was 24.63(7.50), out of a total maximum potential score of 54.00.  

The overall score, known as the General Motor Quotient (GMQ), had a mean score of 

54.85(10.44), out of a maximum potential score of 100.00.  The balance score is labelled as 

BOT2 Balance in Table 4.8, and displays a mean balance score of participants at 26.95(5.11), out 

of a maximum potential score of 31.00. 

Table 4.11 Descriptive Statistical Analysis Post-Program Assessment Measures 

Variable Post Assessment 

  Mean Standard 
Deviation 

Locomotor 
Subset 30.22/46 5.93 

Object 
Control 24.63/54 7.50 

General 
Motor 
Quotient 

54.85/100 10.44 

BOT2 
Balance 26.95/31 5.11 
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Figure 4.13 Descriptive statistics of post-program assessment outcome measures. 
 

4.2.3.2.1 Descriptive Statistics of Pre-Program Assessment of Locomotor Skills 

When referencing the locomotor skills of participants at the post-program assessment 

evaluation, the mean of the skills was 30.22(5.93), as seen in Table 4.11 (Figure 4.13). The 

descriptive statistics of each specific skill within the locomotor skill set can be seen in Table 4.12 

(Figure 4.14).  The highest mean score achieved was in the running skill, with a mean score of 

6.80(1.32) out of a maximum potential score of 8.00, whereas the lowest mean score achieved 

was in the skipping skill, with a mean score of 3.25(1.75) out of a maximum potential score of 

6.00. 

 

 

 

30.22

24.63

54.85

26.95

0

10

20

30

40

50

60

70

Locomotor Subset Object Control General Motor Quotient BOT2 Balance

Sc
or

es

Outcome Measures



 

105 

 

Table 4.12 Descriptive Statistical Analysis of Post-Program Assessment of Locomotor Skills 

Variable Post Assessment 

  Mean Standard 
Deviation 

Run 6.80/8 1.32 

Gallop 5.24/8 1.57 

Hop 4.24/8 2.07 

Skip 3.25/6 1.75 

Horizontal 
Jump 5.09/8 1.87 

Slide 5.61/8 2.07 

 

 

Figure 4.14 Descriptive statistics of post-program assessment of locomotor skills. 
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4.2.3.2.2 Descriptive Statistics of Pre-Program Assessment of Object-Control Skills 

When referencing the object-control skills of participants, the mean of the skills was 

24.63(7.50), as seen in Table 4.11 (Figure 4.13). The descriptive statistics of each specific skill 

within the object-control skill set can be seen in Table 4.13 (Figure 4.15).  The highest mean 

score achieved was in the two-hand catch skill, with a mean score of 3.44(1.30) out of a 

maximum potential score of 6.00, whereas the lowest mean scores achieved were in the one-

handed dribbling skill, with a mean score of 1.88(1.78) out of a maximum potential score of 6.00 

and the overhand throw skills, with a mean score of 3.14(2.10) out of a maximum potential score 

of 8.00. 

 

Table 4.13 Descriptive Statistical Analysis of Post-Program Assessment of Object-Control Skills 

Variable Post Assessment 

  Mean Standard 
Deviation 

Two-hand 
Strike 5.41/10 2.31 

One-hand 
Strike 2.37/8 2.46 

One-hand 
Dribble 1.88/6 1.78 

Two-hand 
Catch 3.44/6 1.30 

Kick 3.95/8 1.18 

Overhand 
Throw 3.14/8 2.10 

Underhand 
Throw 4.44/8 1.67 
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Figure 4.15 Descriptive statistics of post-program assessment of object-control skills. 
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change of 3.59 in the mean score, which is an equivalent of a 7.8% increase in the score, relative 

to the total maximum score that could be achieved.  The BOT-2 balance score was the second 

highest increase with a change of 2.2 points, which is equivalent to a 7.0% increase, relative to 

the potential maximum score that could be obtained.  The object-control skill increased by a 

score of 3.71, which is equivalent to a 6.9% increase, relative to the potential maximum score 

that could be obtained.  The GMQ, increased by a total of 7.31 points, which is equivalent to a 

7.31% increase relative to the potential maximum score that could be obtained, however, this 

was indicative of the changes seen in the locomotor and object-control skills. 

Table 4.14 Differences between Pre-Program and Post-Program Assessment Scores of 
Participants 

Variable Pre-
Assessment 

Post-
Assessment Difference 

  Mean Mean   

Locomotor 
Subset 26.63 30.22 3.59 

Object 
Control 20.92 24.63 3.71 

General 
Motor 
Quotient 

47.54 54.85 7.31 

BOT2 
Balance 24.73 26.95 2.22 
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Figure 4.16 Differences between Pre-Program and Post-Program Assessment Scores of 
Participants 
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Table 4.15 Differences between Pre-Program and Post-Program Assessment Scores of 
Locomotor Skills of Participants 

Variable Pre-
Assessment 

Post-
Assessment Difference 

  Mean Mean   

Run 6.25 6.80 0.54 

Gallop 4.26 5.24 0.98 

Hop 4.19 4.24 0.05 

Skip 2.75 3.25 0.51 

Horizontal 
Jump 4.68 5.09 0.41 

Slide 4.51 5.61 1.10 

 

 
Figure 4.17 Differences between Pre-Program and Post-Program Locomotor Assessment 
Scores of Participants 
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A paired-sample t-Test was completed to determine if any of the changes seen were of 

significance, and as seen in Table 4.16 and Figure 4.17, three of the six tasks had significant 

changes from pre-program to post-program evaluation. The run task, with a change in the mean 

score of 0.54, was significant with a p-value of 0.030.  The gallop task, with a change in the 

mean score of 0.98, was significant with a p-value of 0.009.  The slide task, with a change in the 

mean score of 1.10, was significant with a p-value of 0.003.  

 

Table 4.16 Paired-sample t-Test of Locomotor Skills from Pre-Program to Post-Program 
Assessment Evaluation 

Paired Samples Test 

  

Paired Differences 

t df 
Sig. (2-
tailed) Mean 

Std. 
Deviation 

Std. Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 
Pair 
1 

Run Score - 
Run Score -.5424 1.8692 .2433 -1.0295 -.0553 -2.229 58 .030* 

Pair 
2 

Gallop Score 
- Gallop 
Score 

-.8814 2.5126 .3271 -1.5361 -.2266 -2.694 58 .009** 

Pair 
3 

Hop Score - 
Hop Score -.0508 2.2851 .2975 -.6463 .5446 -.171 58 .865 

Pair 
4 

Skip Score - 
Skip Score -.5085 2.1284 .2771 -1.0631 .0462 -1.835 58 .072 

Pair 
5 

Horizontal 
Jump Score - 
Horizontal 
Jump Score 

-.3898 2.2439 .2921 -.9746 .1949 -1.334 58 .187 

Pair 
6 

Slide Score - 
Slide Score -1.1017 2.7018 .3517 -1.8058 -.3976 -3.132 58 .003** 

*Significant at p < 0.05; **Significant at p < 0.01; *** Significant at p < 0.001 
 

4.2.3.4.2 Descriptive Statistics and Paired-sample t-Tests of Pre-Program/Post-Program 

Assessment Differences of Object-Control Skills 
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As seen in Table 4.14 (Figure 4.16), there were changes in the overall scoring of the 

object-control skills which were assessed.  When examining the object-control skill set, in regard 

to the specific tasks, changes were seen in all seven tasks which were assessed (Table 4.17, 

Figure 4.18).  The largest change from pre-program assessment to post-program assessment 

evaluation was in the underhand throw, with a change in mean score by 1.37, where the smallest 

changes were found in the kick and the two-hand catch, with a change in the mean score of 0.14 

and 0.15 respectively. 

 

Table 4.17 Differences between Pre-Program and Post-Program Assessment Scores of Object-
Control Skills of Participants 

Variable Pre-
Assessment 

Post-
Assessment Difference 

  Mean Mean   

Two-hand 
Strike 5.17 5.41 0.24 

One-hand 
Strike 1.90 2.37 0.48 

One-hand 
Dribble 1.00 1.88 0.88 

Two-hand 
Catch 3.29 3.44 0.15 

Kick 3.81 3.95 0.14 

Overhand 
Throw 2.68 3.14 0.46 

Underhand 
Throw 3.07 4.44 1.37 
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Figure 4.18 Differences between Pre-Program and Post-Program Object-Control 
Assessment Scores of Participants 
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Table 4.18 Paired-sample t-Test of Object-Control Skills from Pre-Program to Post-Program 
Assessment Evaluation 

Paired Samples Test 

  

Paired Differences 

t df 
Sig. (2-
tailed) Mean 

Std. 
Deviation 

Std. Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 
Pair 
1 

Two Hand 
Strike Score - 
Two Hand 
Strike Score 

-.2373 2.4798 .3228 -.8835 .4090 -.735 58 .465 

Pair 
2 

One-Hand 
Strike Score - 
One-Hand 
Strike Score 

-.4746 2.6087 .3396 -1.1544 .2053 -1.397 58 .168 

Pair 
3 

One-Hand 
Dribble 
Score - One-
Hand Dribble 
Score 

-.8814 1.4632 .1905 -1.2627 -.5001 -4.627 58 .000*** 

Pair 
4 

Two-Hand 
Catch Score 
– Two-Hand 
Catch Score 

-.1525 1.5516 .2020 -.5569 .2518 -.755 58 .453 

Pair 
5 

Kick Score – 
Kick Score -.1356 1.6964 .2209 -.5777 .3065 -.614 58 .542 

Pair 
6 

Overhand 
Throw Score 
– Overhand 
Throw Score 

-.4576 2.3731 .3090 -1.0761 .1608 -1.481 58 .144 

Pair 
7 

Underhand 
Throw Score 
– Underhand 
Throw Score 

-1.3729 2.2507 .2930 -1.9594 -.7864 -4.685 58 .000*** 

*Significant at p < 0.05; **Significant at p < 0.01; *** Significant at p < 0.001 
 

4.2.3.4.3 Descriptive Statistics of Individual Pre-Program/Post-Program Assessment Differences 

of All Outcome Measures 

Of the 61-participants recruited, 59 completed both the pre-program assessment and the 

post-program assessment.  Differences between pre-program and post-program were determined 
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for all participants by taking the difference of each of the four main outcome measures from pre 

to post-program.  These differences are displayed in Figures 4.19 through 4.20.   

As seen in Figure 4.19, generally most participants increased in both their locomotor 

skills from the pre-program assessment to the post-program assessment.  Of the 59 participants, 

most of the increases were between 0 and 10 points, however,  it is worth noting, that the highest 

change observed was by a score of 26.  Inversely, there were participants who did not increase 

their scores from pre-program to post-program, but instead diminished.  Again, those who did 

not increase in their skill competency generally declined between a score of 0 and -10 points.  

Again, it is worth noting that the largest diminishment was -13.  

 

 
Figure 4.19 Individual pre-program/post-program differences of locomotor and object-
control skills. 
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Figure 4.20, illustrates the pre-program to post-program differences in the general motor 

quotient scores, which is representative of the combined locomotor skill and object-control skill 

of each participant.  Similar to the locomotor and object-control skill difference scores of 

participants, most participants increased from the pre-program to the post-program assessment.  

Generally, most participants increased between a score of 0 and 15, however, two participants 

increased over 30 points.  Again, similar to the data illustrated in Figure 4.19, some participants 

inversely declined from the pre-program assessment to the post-program assessment.  These 

scores were also similar to the individual components, in that most participants in which did 

decline, declined by a score between 0 and -10.  The two most substantial declines, declined by a 

score of -12 to -13 points. 

 

 
Figure 4.20 Individual pre-program/post-program differences of general motor quotient 
scores. 
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Figure 4.21, illustrates the pre-program to post-program differences in the BOT2 balance 

scores.  Again, following the similar trends of the subset scores and the overall scores of pre-

program to post-program differences in participant scores, generally the balance scores of the 

participants increased.  Most of the score increases were by a score of 0 to 8 points, with the 

largest change being a score of 12.  Also, following similar trends to the previous data displayed, 

some individuals also declined in their scores from pre-program to post-program.  Though, not as 

common as seen in the individual subset scores and the overall GMQ score, the individuals who 

did decline from pre-program to post-program typically declined by a score of 0 to -4.  The 

largest decline was seen in only two participants, and the decline was by a score of -6. 

 
Figure 4.21 Individual pre-program/post-program differences of BOT2 balance scores. 
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4.3 Inferential Statistical Analysis Overview 

A Three-way Repeated Measures Multivariate Analysis of Variance with Two-Covariates 

(3-way MANCOVA with repeated measures) (3 x 4 x 2 design) was used to analyse the data 

gathered from the duration of the study. 

A total of 61-particiants were recruited initially, however, two participants withdrew 

within the first two-months of the study for reasons that were not disclosed.  This resulted in a 

sample size of 59 participants which was analysed.  The 59 participants were randomly allocated 

to be in either the intervention, the 4-in-1 Physical Literacy Program, or into the Active 

Recreation Program (control).  Though done randomly, constraints on allocation were applied 

depending on days and times of the week that the parent(s) and/or guardian(s) of the participants 

provided prior to the selection of the sample group.  All participants were assessed at two time 

periods - pre-program, which was within the first three-weeks of September and post-program, 

which was within the last week of March.  The assessments measured the areas of locomotor 

skills, object-control skills, the combined total of the previously listed two skills, and balance 

skills.   

The scoring of the locomotor and object-control skills was dichotomous in nature, where a 

score of 1 within the task components of each skill indicated that the participant had mastery of 

the task component, and a 0 indicated a lack of mastery.  Each of the tasks within the subsets of 

the locomotor skills (e.g. running, hopping, or skipping), and of the object-control skills (e.g. 

two-hand striking, two-hand catching, or overhand throwing) was completed twice, with a 

maximum score ranging from 6 to 10 points could potentially be achieved.  The locomotor skills, 

and the object-control skills were then summated in each respective subset, to yield a score of 46 

for the locomotor skills, or 54 for the object-control skills.  The summation of the object-control 

and locomotor skills combined yielded the total general motor quotient score (GMQ) of the 
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participant.  The BOT2 balance score was obtained through eight specific tasks which were 

performed based on time or steps achieved.  These scores were slightly different, ranging from a 

score of 0 through 4, depending on the length of time held in a required position, or to a 

maximum number of steps performed.  The scores were then summated to yield a score out of a 

maximum potential of 31.   

The combination of all four scores described above, yielded the four outcome measures 

(dependent variables) which were analysed based on the three independent factors, the grouping 

(4-in-1 Physical Literacy program or Active Recreation Program), gender (male or female), and 

time (pre-program assessment or post-program assessment).  

As described in Chapter 2, two factors tend to influence motor proficiency scores of 

individuals - body mass index (BMI), and socio-economic status (SES).  Therefore, these two 

factors were treated as covariates, thus building a level of control into the analysis to control for 

confounding influences that the BMI status or the SES status of the participants may produce. 

Further, Two-Way Repeated Measure Analysis of Variance with Two-Covariates (2-Way 

ANCOVA with Repeated Measures) statistical analysis were explored to potentially tease out 

further differences which may not have been observed within the 3-Way MANCOVA model 

may not have found as significant.  

4.3.1 Effects Tested 

By way of the 3-way MANCOVA with one-repeated measure and two covariates, and the 

three hypotheses, described at the end of Chapter 3, were tested and analysed through the 

exploration of the following effects. 

4) Main effect of Grouping (2 levels: 4-in-1 Physical Literacy Program, Active 

Recreation Program) 

5)  Gender main effect (2 levels: male, female) 
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6) Time main effect (2 levels: pre-program assessment, post-program assessment) 

7) Time x Group 2-way interaction effect 

8) Time x Gender 2-way interaction effect 

9) Group x Gender 2-way interaction effect 

10) Time x Group x Gender 3-way interaction effect 

4.4 Testing of Hypothesis 1: Inferential Analysis of Motor Proficiency Development of 
Participants by Time 

The first hypothesis that was stated for the study hypothesized that there would be an 

increase in mastery of fundamental movement skills from the beginning to the end in all children 

who participated in the study.  Based on this hypothesis, the first of the three independent 

variables which was explored through statistical analysis was that of time, and the time effect. 

Table 4.19 provides the statistical analysis of the 3-way MANCOVA with one-repeated 

measure and two-covariates.  When testing for a significant time effect on motor proficiency 

development and mastery of the participants, no significance was observed in the MANCOVA 

analysis of either the main effects of interaction effects.   

Although these results indicated that there was no time effect, further analysis was done to 

tease out the time effect on the individual variables, versus exploring the matrix built in the 

MANCOVA.  These further analyses were done through interaction effects, as well as pairwise 

comparisons.   
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Table 4.19 Three-way MANCOVA with One-Repeated Measure and Two-Covariates (3x2x2) On Motor Proficiency Development of 
Participants 

Outcome 
Interaction Effect Main Effects 

Time*Group*Gender Time*Group Time*Gender Group*Gender Time Group Gender 

MANCOVA 
F(3,51)=0.851 
P=0.492 

F(3,51)=0.490 
P=0.691 

F(3,51)=0.615 
P=0.609 

F(3,51)=1.457 
P=0.273 

F(3,51)=0.906 
P=0.445 

F(3,51)=0.151 
P=0.928 

F(3,51)=8.613 
P<0.001*** 

                

Locomotor 
F(1,53)=1.661 
P=0.203 

F(1,53)=1.401 
P=0.242 

F(1,53)=0.282 
P=0.597 

F(1,53)=1.508 
P=0.225 

F(1,53)=2.228 
P=0.141 

F(1,53)=0.470 
P=0.496 

F(1,53)=0.010 
P=0.920 

Object 
Control 

F(1,53)=1.106 
P=0.298 

F(1,53)=0.121 
P=0.730 

F(1,53)=1.341 
P=0.252 

F(1,53)=0.588 
P=0.447 

F(1,53)=0.022 
P=0.882 

F(1,53)=0.072 
P=0.789 

F(1,53)=12.341 
P=0.001** 

Balance 
F(1,53)=0.199 
P=0.657 

F(1,53)=0.179 
P=0.674 

F(1,53)=0.333 
P=0.566 

F(1,53)=1.786 
P=0.187 

F(1,53)=0.345 
P=0.560 

F(1,53)=0.145 
P=0.705 

F(1,53)=6.568 
P=0.013* 

                

GMQ 
F(1,53)=2.294 
P=0.136 

F(1,53)=0.978 
P=0.327 

F(1,53)=1.200 
P=0.278 

F(1,53)=0.073 
P=0.788 

F(1,53)=1.123 
P=0.294 

F(1,53)=0.314 
P=0.578 

F(1,53)=4.013 
P=0.050 

*Significant at p<0.05 ; **Significant at p<0.01; ***Significant at p<0.001 
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4.4.1  Time Effect Analysis of Locomotor, Object-Control, General Motor Quotient and 
Balance Development and Mastery of Participants 

A further analysis of the time effect was completed based on group and gender, and as 

displayed in Table 4.20, a significant difference in motor proficiency development and mastery 

was witnessed by the males in the control group, F(3,51)=3.708 and p=0.017, and in both males, 

F(3,51)=2.852 and p=0.046, and in females, F(3,51)=8.87 and p<0.001, in the intervention 

group. 

Table 4.20 Group x Gender x Time Analysis of Motor Proficiency Development and Mastery 

Group Gender F (3,51) Significance 
Control Male 3.708 0.017* 

 
Female 1.689 0.181 

Intervention Male 2.852 0.046* 

 
Female 8.87 0.000*** 

*Significant at p<0.05 ; **Significant at p<0.01; ***Significant at p<0.001 
 
4.4.1.1 Group x Gender x Time (Time Effect) Pairwise Comparison 

This allowed for further exploration of the differences based on the three dependent 

variables explored in the MANCOVA matrix, the locomotor skills, object-control skills and 

balance.  Table 4.21 displays the pairwise comparisons of the Group x Gender x Time effect on 

each of these skill sets, as well as the GMQ.  When examining locomotor skill development, the 

female participants who were assigned to the intervention group had significantly better 

improvement from pre-program to post-program assessment, where the mean difference from 

time 2 to time 1 yielded a difference of 5.102 and p=0.001.  In object-control, males in the 

control group, had significant improvement from pre to post-program assessment where the 

mean difference from time 2 to time 1 yielded a difference of 2.162 and p=0.014, and both males 

and females in the intervention group had significant improvement from pre to post-program 

assessment, where the mean difference from time 2 to time 1 yielded a difference of 1.868 and 
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p=0.033 for males, and the mean difference from time 2 to time 1 yielded a difference of 1.433 

and p=0.008 for females.  In the balance skills set, females had significant improvement in the 

control group from pre- to post-program assessment, where the mean difference from time 2 to 

time 1 yielded a difference of 2.472 and p=0.030, and the females in the intervention group also 

showed significant improvement from pre to post-program assessment, where the mean 

difference from time 2 to time 1 yielded a difference of 2.514 and p=0.003.  Finally, when 

examining the general motor quotient, the males in the control group showed significant 

improvement from pre to post-program assessment, where the mean difference from time 2 to 

time 1 yielded a difference of 9.37 and p=0.007, and both males and females showed significant 

improvement from pre to post-program assessment, where males showed significance at p=0.010 

and the mean difference from time 2 to time 1 yielded a difference of 7.695, and females showed 

significance at p<0.001 and the mean difference from time 2 to time 1 yielded a difference of 

9.078. 
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Table 4.21 Pairwise Comparison of Motor Proficiency Development and Mastery based on 
Group x Gender x Time 

Outcome 

Group 
(Time 2 – 
Time 1) Gender 

Mean 
Difference 

Standard 
Error Significance 

Locomotor Control Male 3.892 2.144 0.075 

  Female 0.439 1.953 0.823 

 
Intervention Male 3.605 1.852 0.57 

  
 

Female 5.102 1.421 0.001** 
Object 
Control Control Male 5.478 2.162 0.014* 

  Female 1.293 1.970 0.515 

  Intervention Male 4.09 1.868 0.033* 

  
 

Female 3.976 1.433 0.008** 

Balance Control Male 2.355 1.215 0.058 

  
 

Female 2.472 1.108 0.030* 

  Intervention Male 1.426 1.05 0.18 

  
 

Female 2.514 0.806 0.003** 
General 
Motor 
Quotient 

Control Male 9.37 3.325 0.007** 

 
Female 1.732 3.03 0.57 

  Intervention Male 7.695 2.873 0.010* 

  
 

Female 9.078 2.204 0.000** 
 *Significant at p<0.05; **Significant at p<0.01; ***Significant at p<0.001 
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*Significant at p<0.05; **Significant at p<0.01; ***Significant at p<0.001 
 
Figure 4.22 Pairwise Comparison of Locomotor Proficiency Development and Mastery 
based on Group x Gender x Time 
 

Pre-Program Post-Program
Male Control 26.162 30.054

Male Intervention 27.276 30.882

Female Control 30.152 30.591

Female Intervention 24.595 29.697
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*Significant at p<0.05; **Significant at p<0.01; ***Significant at p<0.001 
 
Figure 4.23 Pairwise Comparison of Object-Control Proficiency Development and Mastery 
based on Group x Gender x Time 
 

Pre-Program Post-Program
Male Control 24.303 29.781

Male Intervention 23.244 27.334

Female Control 19.327 20.62

Female Intervention 18.853 22.83
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*Significant at p<0.05; **Significant at p<0.01; ***Significant at p<0.001 
 
Figure 4.24 Pairwise Comparison of General Motor Quotient Proficiency Development and 
Mastery based on Group x Gender x Time 
 

Pre-Program Post-Program
Male Control 50.466 59.835

Male Intervention 50.52 58.215

Female Control 49.479 51.211

Female Intervention 43.448 52.526
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*Significant at p<0.05; **Significant at p<0.01; ***Significant at p<0.001 
 
Figure 4.25 Pairwise Comparison of Balance Proficiency Development and Mastery based 
on Group x Gender x Time 
 

4.4.1.2 Group x Time (Time Effect) Interaction Analysis  

With a time effect being showcased in the Group x Gender x Time matrix, the matrix was 

teased out further to explore group and gender separately and how time impacted the results.  

Table 4.22 displays the Group x Time interaction effect, while Table 4.23 displays the pairwise 

comparison of the Group x Time interaction of each specific outcome measure.  As seen in Table 

4.22, a time effect was significant in both the control group, F(3,51)=4.691 and p=0.006, and in 

the intervention group, F(3,51)=10.127 and p<0.001. 
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Table 4.22 Group x Time Analysis of Motor Proficiency Development and Mastery 

Group Value F(3,51) Significance 
Control 0.784 4.691 0.006** 
Intervention 0.627 10.127 0.000*** 
*Significant at p<0.05 ; **Significant at p<0.01; ***Significant at p<0.001 
 

 When teasing out these results further, based on the main outcome measure, significance 

was present across all outcome measures, in both the control and intervention groups.  The only 

outcome measure where there was significance missing in the control group, was within the 

locomotor skill set.  It is worth noting, that when comparing the level of significance between the 

control and the intervention groups, the intervention groups tended to always display a more 

significant increase in their motor proficiency development and mastery when compared to their 

control counterpart.  

Table 4.23 Pairwise Comparison of Motor Proficiency Development and Mastery based on 
Group x Time 

Outcome 

Group 
(Time 2 – 
Time 1) 

Mean 
Difference 

Standard 
Error Significance 

Locomotor Control 2.166 1.442 0.139 

  Intervention 4.353 1.145 0.000*** 

Object Control Control 3.385 1.455 0.024* 

  Intervention 4.033 1.155 0.001** 

Balance Control 2.414 0.818 0.005** 

  Intervention 1.97 0.649 0.004** 

General Motor 
Quotient 

Control 5.551 2.237 0.016** 

Intervention 8.386 1.777 0.000*** 
*Significant at p<0.05 ; **Significant at p<0.01; ***Significant at p<0.001 
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4.4.1.3 Gender x Time (Time Effect) Interaction Analysis 

As discussed in the previous subsection, the Group x Gender x Time matrix was teased 

out further to explore the time effect on both gender and group separately.  Table 4.24 displays 

the Gender x Time effect on motor proficiency development, and similar to the Group x Time 

effect, significance was evident in both males and females. 

Table 4.24 Gender x Time Analysis of Motor Proficiency Development and Mastery 

Gender Value F(3,51) Significance 
Male 0.716 6.371 0.001** 
Female 0.7906 7.083 0.000*** 
*Significant at p<0.05 ; **Significant at p<0.01; ***Significant at p<0.001 
 
 As the results were teased out further, based on the main outcome measures, significance 

was present in both genders across all measures.  It is worth noting, that the significance 

showcased in males from pre-program to post-program assessment scores tended to be more 

significant than their female counterparts.  The only outcome measure where this differed, was in 

the balance skill set, where the changes based on time for females were greater than that of the 

males. 
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Table 4.25 Pairwise Comparison of Motor Proficiency Development and Mastery based on 
Gender x Time 

Outcome 

Gender 
(Time 2 – 
Time 1) 

Mean 
Difference 

Standard 
Error Significance 

Locomotor Male 3.749 1.394 0.01* 

  Female 2.77 1.198 0.025* 

Object Control Male 4.784 1.406 0.001** 

  Female 2.634 1.209 0.034* 

Balance Male 1.891 0.79 0.020* 

  Female 2.493 0.68 0.001** 
General Motor 
Quotient Male 8.532 2.162 0.000*** 

  Female 5.405 1.859 0.005** 
*Significant at p<0.05 ; **Significant at p<0.01; ***Significant at p<0.001 
 
4.5 Testing of Hypothesis 2: Inferential Analysis of Motor Proficiency Development of 

Participants by Gender 

The second hypothesis that was stated for the study hypothesized that there will be a 

gender difference in fundamental movement skill mastery, wherein males will have better 

mastery than females.  Based on this hypothesis, the second of the three independent variables 

which was explored through statistical analysis was that of gender, and the effect gender has on 

motor proficiency development and mastery. 

Table 4.19 provides the statistical analysis of the 3-way MANCOVA with one-repeated 

measure and two-covariates.  When testing for a significant gender effect on motor proficiency 

development and mastery of the participants, a significant main effect was found, where 

F(3,51)=8.613 and p<0.001. 
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These results indicated that a gender effect was present, thus further analysis was 

completed to tease out the gender effect on the individual variables, while exploring the matrix 

built in the MANCOVA.  These further analyses were completed through interaction effects, as 

well as pairwise comparisons. 

4.5.1 Gender Effect Analysis of Locomotor, Object-Control, General Motor Quotient and 
Balance Development and Mastery of Participants 

Following the observation of a significant gender main effect within the MANCOVA 

matrix, a further analysis of the gender effect by time and group was explored.  The first analysis 

was the Group x Time x Gender analysis, to discern if there were any significant differences seen 

in gender within the two separate groups over time.  As illustrated in Table 4.26, a gender effect 

was present in the control group at both the pre-program assessment, where F(3,51)=5.412 and 

p=0.003, and again at post-program assessment, where F(3,51)=5.412 and p=0.002.  With the 

analysis revealing these results, the data were teased out further into the pairwise comparison of 

the Group x Time x Gender analysis, and the two-way interactions of Time x Gender and Group 

x Gender, to determine where the significant effects were. 

Table 4.26 Group x Time x Gender Analysis of Motor Proficiency Development and Mastery 

Group Time F (3,51) Significance 
Control Pre 5.412 0.003** 
  Post 5.412 0.002** 
Intervention Pre 1.598 0.201 
  Post 2.153 0.105 
*Significant at p<0.05 ; **Significant at p<0.01; ***Significant at p<0.001 
 

4.5.1.1 Group x Time x Gender (Gender Effect) Pairwise Comparison 

A pairwise comparison analysis of the three-way interaction of Group x Time x Gender 

was computed to tease out the significant interaction witnessed in Table 4.26.  The pairwise 
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comparison was broken down into the four main outcome measures, by group and then time, 

which is represented in Table 4.27.  Significant gender effects were witnessed in two of the four 

outcome measures.  The first significant difference was within the control group, at the post-

program assessment in the object-control subset.  Males were significantly better than their 

female counterparts at this point, where the mean difference from male to female yielded a 

difference of 9.162 and p=0.004.  The second significant difference was observed in the balance 

subset during the pre-program and post-program assessment, where the females in the control 

group were significantly better than their male counterparts, where the mean difference from 

female to male yielded a difference of 4.504 and p=0.022, and at the post-program assessment, 

where the mean difference from female to male yielded a difference of 4.62 and p=0.032.  

One other difference worth mentioning, though not significant but trending towards 

significance, was the GMQ score of the intervention group from the pre-program assessment to 

the post-program assessment.  At the pre-program assessment, there was very little difference in 

the GMQ scores of the intervention group male and females, where the mean difference from 

male to female yielded a difference of 0.987 and p=0.857.  However, at the post-program 

assessment the gender difference was the mean difference from male to female was 8.625 and 

p=0.056, where males were scoring better than females overall. 
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Table 4.27 Pairwise Comparison of Motor Proficiency Development and Mastery based on 
Group x Time x Gender 

Outcome Group 

Time 
(Female – 
Male) 

Mean 
Difference 

Standard 
Error Significance 

Locomotor Control Pre 3.989 3.331 0.236 

  
 

Post 0.537 2.573 0.835 

  Intervention Pre -2.681 2.716 0.328 

  
 

Post -1.185 2.098 0.575 
Object 
Control Control Pre -4.976 2.909 0.093 

  
 

Post -9.162 3.055 0.004** 

  Intervention Pre -4.391 2.372 0.07 

  
 

Post -4.504 2.492 0.076 

Balance Control Pre 4.504 1.908 0.022* 

  
 

Post 4.62 2.097 0.032* 

  Intervention Pre 0.803 1.556 0.608 

  
 

Post 1.892 1.71 0.274 

General 
Motor 
Quotient 

Control Pre -0.987 5.468 0.857 

 
Post -8.625 4.408 0.056 

  Intervention Pre -7.072 4.459 0.119 

  
 

Post -5.689 3.595 0.119 
*Significant at p<0.05 ; **Significant at p<0.01; ***Significant at p<0.001 
 

4.5.1.2 Time x Gender (Gender Effect) Interaction Analysis 

With a gender effect being present in the three-way interaction, a series of two-way 

interaction analyses were completed to determine where the gender effect was presenting itself 
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more specifically.  The first two-way interaction effect that was analysed was the Time x Gender 

interaction, as shown in Table 4.28.  As seen in Table 4.28, significant differences based on 

gender at the pre-program assessment, where F(3,51)=6.235 and p=0.001, and at post-program 

assessment, where F(3,51)=7.852 and p<0.001.  With significance being present at both points of 

time when looking at gender difference, the pairwise comparison of gender difference at the two 

time points was broken down based on the main outcome measures, as seen in Table. 4.29.  

Significant differences between gender were showcased in three of the four main outcome 

measures.  

Table 4.28 Time x Gender Analysis of Motor Proficiency Development and Mastery 

Time Value F(3,51) Significance 
Pre 0.732 6.235 0.001** 
Post 0.684 7.853 0.000*** 
*Significant at p<0.05 ; **Significant at p<0.01; ***Significant at p<0.001 
 

The first significant difference was in the object-control skill subset, where at the pre-

program assessment, males were significantly better than their female counter parts where the 

mean difference from male to female yielded a difference of 4.683 and p=0.014.  This difference 

became more prominent at the post-program assessment, where males again were significantly 

better than their female counterparts, where the mean difference from male to female yielded a 

difference of 6.833 and p=0.001. 

The second significant difference was in the balance skill subset, where at the pre-

program and post-program females were significantly better than their male counterparts, where 

the mean difference from female to male yielded a difference of 2.654 and p=0.032 and 3.256 

and p=0.017, respectively.  Similar to the object-control skill subset, the difference between the 

pre and post-program assessment became more significant.  
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The third significant difference was in the GMQ score at the post-program assessment, 

where males were significantly better than their female counter parts, where the mean difference 

from male to female yielded a difference of 7.157 and p=0.013. 

Table 4.29 Pairwise Comparison of Motor Proficiency Development and Mastery based on Time 
x Gender 

Outcome 
Time 
(Female – Male) 

Mean 
Difference 

Standard 
Error Significance 

Locomotor Pre 0.654 2.103 0.757 

  Post -0.324 1.625 0.843 

Object Control Pre -4.683 1.837 0.014* 

  Post -6.833 1.929 0.001** 

Balance Pre 2.654 1.205 0.032* 

  Post 3.256 1.324 0.017* 
General Motor 
Quotient Pre -4.03 3.453 0.248 

  Post -7.157 2.783 0.013** 
*Significant at p<0.05 , **Significant at p<0.01; ***Significant at p<0.001 
 

4.5.1.3 Group x Gender (Gender Effect) Interaction Analysis 

Similar to the previous section, the second set of the two-way interaction analyses which 

was completed, was the Group x Gender interaction, shown in Table 4.30.  Significant 

differences were seen based on gender in the control group, where F(3,51)=6.485 and p=0.001, 

but not in the intervention group, when all four outcome measures were being looked at together. 

A pairwise comparison of all four main outcome measures based on the interaction of Group x 

Time was also completed, as seen in Table 4.31.  Table 4.31 shows significant differences 

between gender within the groups was showcased in two of the four main outcome measures. 
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Table 4.30 Group x Gender Analysis of Motor Proficiency Development and Mastery 

Group Value F(3,51) Significance 
Control 0.724 6.485 0.001** 
Intervention 0.873 2.478 0.072 
*Significant at p<0.05 ; **Significant at p<0.01; ***Significant at p<0.001 
 

The first significant difference was in the object-control skill subset, where gender 

differences emerged significant in both the control and intervention groups.  In the control group, 

the males were significantly better than their female counterparts, where the mean difference 

from male to female yielded a difference of 7.069 and p=0.009, and in the intervention group, 

males were again significantly better than their female counterparts, where the mean difference 

from male to female yielded a difference of 4.447 and p=0.040.  It is worth noting, that the 

significant differences observed in the gender difference were not as significant in the 

intervention group, when compared to the control group. 

The second significant difference observed was in the balance skills subset, but only in 

the control group.  Within this group, females were significantly better than their male 

counterparts, where the mean difference from female to male yielded a difference of 4.562 and 

p=0.016.  Unlike in the object-control skill subset, the intervention group did not have a 

significant difference between the males and females. 
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Table 4.31 Pairwise Comparison of Motor Proficiency Development and Mastery based on 
Group x Gender 

Outcome 

Group 
(Female – 
Male) 

Mean 
Difference 

Standard 
Error Significance 

Locomotor Control 2.263 2.594 0.378 

  Intervention -1.933 2.116 0.365 

Object Control Control -7.069 2.596 0.009** 

  Intervention -4.447 2.117 0.040* 

Balance Control 4.562 1.826 0.016* 

  Intervention 1.348 1.489 0.37 
General Motor 
Quotient Control -4.806 4.422 0.282 

  Intervention -6.381 3.606 0.083 
*Significant at p<0.05 ; **Significant at p<0.01; ***Significant at p<0.001 
 

4.6 Testing of Hypothesis 3: Inferential Analysis of Motor Proficiency Development of 
Participants by Group 

The last hypothesis that was stated for the study at hand hypothesized that of children who 

participate in the specialised eight-month 4-in-1 Physical Literacy program will show 

significantly better mastery of fundamental movement skills than their counterparts who 

participated in the Active Recreation programming, following the completion of the program.  

Based on this hypothesis, the third, and final, of the three independent variables which was 

explored through statistical analysis was that of grouping of the participants, and the effect that 

the group has on motor proficiency development and mastery 

Table 4.19 provides the statistical analysis of the 3-way MANCOVA with one-repeated 

measure and two-covariates.  When testing for a significant group effect on motor proficiency 
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development and mastery of the participants, no significant difference was observed for either 

the main effect interaction, nor in the two or three-way interactions.  

Although these results indicated that there was no grouping effect, further analysis was 

done to tease out the grouping effect on the individual variables, versus exploring the matrix 

built in the MANCOVA.  These further analyses were done through interaction effects, as well 

as pairwise comparisons. 

4.6.1 Group Effect Analysis of Locomotor, Object-Control, General Motor Quotient and 
Balance Development and Mastery of Participants 

A further analysis of the grouping effect was completed based on gender and time, and as 

displayed in Table 4.32, no significant difference in motor proficiency development and mastery 

was witnessed based on the grouping of the individuals between the intervention and control 

groups across gender and time.  Due to the lack of significance across all interactions, no further 

analyses were applied. 

Table 4.32 Gender x Time x Group Analysis of Motor Proficiency Development and Mastery 

Gender Time F (3,51) Significance 
Male Pre 0.474 0.702 
  Post 0.322 0.809 
Female Pre 1.918 0.183 
  Post 0.831 0.483 
*Significant at p<0.05 ; **Significant at p<0.01; ***Significant at p<0.001 
 

 Though no significant differences were found, the data was teased out further to explore 

descriptive changes within the participants of each group.  As was seen in Figures 4.19 through 

4.21, the majority of participants increased in their skill scores.  Table 4.33 (Figure 4.26) and 

Table 4.34 (Figure 4.27) further demonstrate that 30 participants (81.1%) from the intervention 

group showed increase in gross motor quotient skill development from start to end of the 
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program, while 12 participants (54.5%) increased in gross motor quotient skill development from 

start to end of the program. 

Table 4.33 Changes in Skill Scores of Control Participants 

 

Gross 
Motor 

Quotient 
Frequency 

Gross 
Motor 

Quotient 
Percent 

BOT-2 
Balance 

Frequency 

BOT-2 
Balance 
Percent 

Improved 12 54.50 18 81.82 
No Change 1 5.50 2 9.09 
Decreased 9 40.00 2 9.09 
 

 

Figure 4.26 Skill score differences of control participants. 
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Table 4.34 Changes in Skill Scores of Intervention Participants 

 

Gross 
Motor 

Quotient 
Frequency 

Gross 
Motor 

Quotient 
Percent 

BOT-2 
Balance 

Frequency 

BOT-2 
Balance 
Percent 

Improved 30 81.08 24 64.86 
No Change 2 5.41 3 8.11 
Decreased 5 13.51 10 27.03 
 

 

Figure 4.27 Skill score differences of intervention participants. 

4.7 Summary 

Over the course of this chapter, the results of the data which was collected at two specific 

time points, pre-program and post-program, were analysed for statistical significance by the way 

of a Three-way Multivariate Analysis with One-repeated Measure and Two Covariates.  

Subsequent two-way interaction analyses, as well as pairwise comparison models were also 
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invoked to tease out the results further.  The decision to tease out the MACOVA model further 

was based on the work of Van Wyk (2016), whose dissertation found results.  

Three specific hypotheses were being tested, to determine if changes in four outcome 

measures - object-control skills, locomotor skills, the overall general motor quotient skill (a 

combination of locomotor and object-control skills), and balance skills - were witnessed when 

looking at three specific variables: time, grouping (based on program type), and gender.   

It was found that both gender and time did impact the development and mastery of 

fundamental movement skills in a significant manner, however, the group type did not seem to 

have a significant effect.  The next chapter will explore the results found from the data, and 

discuss it with reference to the methods applied to the study, the research questions posed, and 

knowledge from the current base of literature available.  The next chapter will also highlight any 

limitations surround the study and its methods, and discuss future directions that could 

potentially be taken, based on the results highlighted from the study. 
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Chapter Five: Discussion 

This thesis aimed to determine the effectiveness of an intentionally designed physical 

literacy program (4-in-1 Physical Literacy), when compared to standard recreation programming 

in the development and mastery of fundamental movement skills of kindergarten children (ages 4 

to 5).  From the philosophical groundwork, framing physical literacy by Margaret Whitehead in 

1987, to the constant changing and modifying of the definition, it is now widely accepted within 

this field of study, that “physical literacy is the motivation, confidence, physical competence, 

knowledge and understanding to value and take responsibility for engagement in physical 

activities for life.” (International Physical Literacy Association, 2015). 

With so many factors influencing the physical literacy of an individual, it can be hard to 

measure all within a single study.  However, the idea that each construct interacts dynamically 

with the other constructs within the framework allows researchers to focus on either a single or 

multiple construct(s), when try to determine the changes in the physical literacy of an individual 

based on the intervention invoked. 

The age of the population of interest, ranges between the years of 4 and 5, thus making it 

more difficult to measure knowledge translation and motivation, as these are concepts and 

constructs which are still forming.  Thus, conducting research on the physical competency 

component through the development and mastery of an individual’s motor proficiency of 

fundamental skills, can allow a connection back to their physical literacy.   

The primary objective of the study was to evaluate the motor proficiency of kindergarten 

children (ages 4-5) participating in an eight-month long intentionally designed recreation aimed 

at increasing the physical literacy of a child through activities and skill development in multiple 

environments with a comparable group engaged in active recreational programming.  Three 
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different effects were assessed specifically on the relation of the development and mastery of 

these fundamental movement skills: time, gender, and group.  These were the foundation of the 

three hypotheses generated for the study.   

Before reviewing the results obtained from the data collected, it is worth noting that much 

of the literature within this field specifically looks at disabilities, ranging from neuromuscular 

disabilities, to neuro-cognitive functioning disabilities (Bellows, Bucevska, & Verchere, 2015; 

Faught, Demetriades, Hay, & Cairney, 2013; Haga, 2008; Schott, & Holfelder, 2015; Srinivasan, 

Kaur, Park, Gifford, Marsh, & Bhat, 2015) and thus making it more difficult to make 

connections with an abled-bodied  population and sample, which was recruited for this current 

study. 

This chapter will discuss the results of the data within each of these hypotheses, and then 

discuss limitations that could have influenced the results of the study, and finally look at the 

future directions that could be taken and the conclusions drawn regarding the study as a whole.  

5.1 Time Effect on Motor Proficiency Development and Mastery 

The first hypothesis set out to explore the notion that all children, regardless of program 

type, would improve significantly in their fundamental movement skill development and mastery 

from the pre-program assessment to the post-program assessment.   

When referencing back to Table 4.19, which represents the overall 3-way MANCOVA 

model, with one-repeated measure and two-confounding variables, no time effect was found in 

the full model.  However, it was determined that subsequent analyses should be done, to tease 

out the data, as the results found in Van Wyk’s study (2016), which was the premise of this 

study, and other literature that is readily available typically shows a time effect.  When teased out 

further, what was seen was a significant time effect in the males in the control group 
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(F[3,51]=3.708 and p=0.017), and the males (F[3,51]=2.852, and p=0.046) and females 

(F[3,51]=8.87 and p<0.001) in the intervention group (Table 4.20).   

These results indicated that there was a time effect present, and that the data needed to be 

explored further to determine if this effect was more apparent on specific skill types being 

assessed, locomotor, object-control or balance through pairwise comparisons.  The first 

interaction effect explored further was the group x gender x time effect and it was found that 

females in the intervention group were significantly better in locomotor skills (p=0.001), object-

control skills (p=0.008), the outcome measure of both locomotor and object-control combined 

(GMQ) (p<0.001), and in balance skills (p=0.003) from pre-program to post-program (Table 

4.21).  The females of the control group were significantly better from pre-program to post-

program in the balance skill set (p=0.030) (Table 4.21).  The males in the control group were 

significantly better from pre-program to post-program in object-control skills (p=0.014) and the 

GMQ score (p=0.007), and the intervention males were significantly better in object-control 

skills (p=0.033) and the GMQ score (p=0.010) (Table 4.21) (Figures 4.22 – 4.25).   

When analysing the group x time interaction (Table 4.22), there was a more significant 

change from pre-program to post-program scores in the intervention group, F(3,51)=10.127 and 

p<0.001, than in the control group, F(3,51)=4.691 and p=0.006.  These significant changes were 

seen in all areas of the main outcome measures across the intervention group, while locomotor 

skills did not have a significant change in the control group.   

This was also similar in the gender x time interaction analysis (Table 4.24), where the 

females, F(3,51)=7.083 and p<0.001, improved more significantly than their male counterparts, 

F(3,51)=6.371 and p=0.001.  However,  unlike the group x time interaction, both males and 

females had significant increases in all areas of the outcome measures.  Further, as seen in Table 
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2.24, the gender x time interaction, females had a more significant change, p<0.001, than their 

male counterparts, p=0.001. Kordi, Nourian, Ghayour, Kordi and Younesian (2012), explain that 

in research such as the current study, the findings of females having more significant changes 

than males is not common place, and is an area of contention in the literature.   

These significant changes over the eight-month programs are congruent with much of the 

literature, as discussed in Chapter 2.  A program as short as 4-weeks focusing on a intentionally 

designed, specializing in certain motor patterns (Matvienko & Ahrabi-Farb, 2010), an eight-week 

and ten-week school-based physical education program in various environments (Mostafavi et 

al., 2013; Kordi et al., 2012.), and a 20-month school-based physical education program 

(Krombholz, 2012) all showcased similar changes across similar outcome measures as measured 

in this study.  This large window of length of program, leads to the discussion as to what is the 

optimal time frame a program should run over. 

These results are similar in cross-section and longitudinal studies, assessing motor 

proficiency development of children from one through five years.  Again, what is significant are 

changes occur across all children, however, the level of change is sometimes associated with the 

starting point of the children.  Those children who typically score higher at the beginning of a 

longitudinal study maintain their higher scores, in relation to children who score lower at the 

beginning of the study (Hands, 2008, Okely, Booth, Patterson, 2001). 

Matvienko and Ahrabi-Farb (2010), argued that a 4-week program is optimal length, in 

that by concentrating the program, children will have improvements in motor skill development 

and fitness without losing the concentration or the interest of the child.  However, this program 

was limited by only focusing on specialised movements each week, and did not focus on the 

holistic aspect of physical literacy (i.e., multiple environments).  Further, with limiting lessons to 
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be specific to a certain movement or specific skill the participants were unable to move into the 

complex pattern development discussed by Whitehead (2010) which aidsin the development of 

complex movements as they reach adolescence.   

Though this argument does hold some merit when considering the design and length of 

time of a program, much of the literature does not refer the length of the program other than 

determining outcome differences over the set time.  As the data and results obtained from the 

current study display similarities to the contemporary literature available it could be suggested 

that the length of the program may play a role in the development and mastery of fundamental 

movements.   

To elicit fundamental skill development and mastery change, a length of time is necessary, 

however, literature seems to be inconsistent with a specified length.  As discussed throughout 

this section, changes seem to be elicited in as little as four-weeks, to a length of 20-months.  

However,  what can be drawn from this, is a program which runs for a minimum of at least four-

weeks will have benefits for children in their development and mastery of skill, regardless of the 

type of program they are enrolled into.  It is recommended that future studies should consider 

using programs of various lengths to discern what an optimal amount of time is required to elicit 

changes in motor proficiency. 

Further, to truly determine if changes to a child’s physical literacy were in fact occurring, it 

is recommended that future studies assess all components of physical literacy, and not solely the 

physical competency of a child.  It is the knowledge of the author that there are no studies to date 

that area measuring physical literacy as a whole, specifically in children of this age category.  If 

future studies could direct their attention to the holistic child, and how to measure all domains, 

such as the Canadian Assessment of Physical Literacy (Longmuir et al., 2015) for children 8 
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through 11 years of age, then more knowledge of how a child develops in a holistic manner 

could be brought into the literature. 

5.2 Gender Effect on Motor Proficiency Development and Mastery 

The second hypothesis which was explored from the research question, was to determine if 

gender differences would exist, following the completion of the program, in both the specialised 

program, as well as in the standard recreation programming. 

Again, when referencing back to Table 4.19, which represents the full MANCOVA matrix, 

gender was found to be significant at the main effect level (F[3,51]=8.613 and p<0.001), but 

there were no three-way interaction effects present.  However, similar to the work done by Van 

Wyk (2016), and other literature available, this main effect allowed for further analyses to be 

done on the effect gender had on the outcome measures.  

The first interaction which was explored with the group x time x gender interaction (Table 

4.26), where the only significant difference found between males and females was in the control 

group, both at the pre-program assessment, F(3,51)=5.412 and p=0.003, and the post-program 

assessment, F(3,51)=5.412 and p=0.002.  This finding is an interesting finding, in that when 

teasing out the data into the pairwise comparisons, in the control group at the pre-program 

assessment, females were significantly better than their male counterparts only in balance 

(p=0.022), whilst in the post-program assessment, males were significantly better than females in 

object-control (p=0.004) and females were significantly better than males in the balance 

component (p=0.032).  These results are similar to much of the pre-existing literature, 

specifically in reference to the object-control difference, where males are typically better than 

females in this skill set (Antonakopoulou, Mavvidis, & Pilianidis, 2009; Barnett, van Beurden, 

Morgan, Brooks, & Beard, 2010; Booth et al. 1999; Butterfield, Angell, & Mason, 2012; Kordi, 
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2012; Mostafavi et al., 2013; Temple, Crane, Brown, Williams ,& Bell, 2016; van Beurden, 

Barnett, Zask, Dietrich, Brooks, & Beard, 2003).  

Further analyses were completed on the time x gender interaction, and the group x gender 

interaction to further scrutinize the gender effect, as it was the most prominent effect in the 

study. When referring specifically to the time x gender interaction (Table 4.28), significant 

gender differences were present at both the pre-program assessment, F(3,51)=6.235 and p=0.001, 

as well as the post-program assessment, F(3,51)=7.853 and p<0.001.  When these data were 

further analysed through pairwise comparison models (Table 4.29), the most significant 

differences were observed in the object-control skill sets, where males at both the pre-program 

assessment (p=0.014) and post-program assessment (p=0.001) were better than their female 

counter parts, as well as in the post-program assessment GMQ score (0.013), whilst females 

were significantly better than their male counter parts at the balance skills both at the pre-

program assessment (p=0.032) and post-program assessment (p=0.017).  What is significant 

about these results, is that the trend of more significance at the post-program assessment when 

compared to the pre-program assessment, indicating that the disparity in object-control skills 

were becoming even more drastically different between the two genders.  

The two-way interaction results, as well as the pairwise comparison results were congruent 

in the group x gender interaction as well (Table 4.30).  There was a significant difference in 

gender performance in the control group, F(3,51)=6.485 and p=0.001, but this difference was not 

present in the intervention group, F(3,51)=2.478 and p=0.072.  However,  when exploring these 

significant results through the pairwise comparison models (Table 4.31), similar results were 

showcasing themselves much like the time x gender interaction model.  Males were significantly 

better than their female counterparts in the object-control skills in both the control group 
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(p=0.009), as well as the intervention group (p=0.040).  Females were also better than their male 

counterparts in the balance skill set (p=0.016), however, only in the control group.   

The most significant finding within this section specifically is the emergence of the 

significant differences in object-control skills when comparing participants by gender, even at a 

younger age.  The age of 4 and 5-years is marked as a substantial growth and development 

period, where most children are starting to master various fundamental skills that will lead to the 

progression into complex skill pattern development.  The fact that this gender disparity in object-

control skills emerges at such a young age, poses more questions as to, if in fact this disparity is 

more of a genetic component, than a cultural component.   

The differences in object-control skills is found in studies that use both product-oriented 

assessments, such as the MABC2 and BOT2, as well as with process-oriented assessments, such 

as the TGMD-3 (Barnett et al., 2010; Booth et al. 1999; Butterfield et al., 2012; Kordi et al., 

2012; Mostafavi et al., 2013; Okely, Booth, & Patterson, 2001; Okely et al.,2004; Temple et al., 

2016; van Beurden et al., 2003).  Many of the studies, which have done research in this area refer 

to these gender differences being caused by four main categories, males were generally more 

active and engaged in moderate-to-vigorous activities than their female counterparts, which 

could result in more time in a zone of potential mastery (van Beurden et al., 2003); males may 

receive more encouragement and positive reinforcement, as well as being prompted to participate 

in activities involving object control skills more readily than their female counterparts (Barnett et 

al., 2013, Butterfield et al., 2012), that the increased scores of the males could be reflective of the 

difference in the games boys choose to play in compared to the games that females choose to 

play in (Booth et al., 1999; Butterfield et al., 2012), or a combination of biology and 

environmental factors (Thomas & French, 1985).  
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Similar arguments could be made regarding the significant differences observed in the 

balance skill, where females were significantly better than their male counterparts.  Much of the 

literature argues similar ideas of environmental factors, as well as social-normative factors and 

gender-norm factors, whereby parent(s) and/or guardian(s) will place their child into certain 

sports and activities, or the child may be more inclined to participate in certain sport or activities 

based on their beliefs and values.  This skill set is less worrisome, than the object-control 

disparity in gender, as most activities and sports require higher levels of balance throughout 

various positions, thus balance should increase as age and skill sets increase.  However,  the 

significant difference in gender scores of object-control could potentially limit children from 

participating in other activities and sports as they age, if they cannot master the fundamental 

skills associated with object-control (Antonakopoulou et al, 2009; Barnett et al., 2013; Cliff et 

al., 2012; Hands, 2008; Temple et al., 2016). 

The findings from this specific hypothesis, seem to align with much of the literature 

already presented surround motor proficiency development and mastery of fundamental 

movement skills.  Gender disparity is prevalent from the young child, as shown in the results of 

the current study, through adolescence.  The gender differences in the development and mastery 

of fundamental movement skills, can either aid or hinder the development of the whole child, 

when referencing physical literacy.  To encapsulate the criterion of a holistic child that is 

physically literate, one crucial component is the competency of these fundamental skills.   

With the gender disparity being showcased in the object-control skills so significantly, it 

should direct the attention of program coordinators, leaders and researchers moving forward.  

This specific disparity, could potentially lead to increases in self-consciousness in activities 

requiring object-manipulative or control skills, which could potentially lead to a withdraw from 
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physical activity and sport as children age into adolescence.  Efforts should be directed toward 

these skills, through the teaching environments, as well as the motivation, encouragement and 

positive reinforcement of parents, guardians and leaders to promote more involvement in these 

activities in environments that are safe, and free of judgement.  

5.3 Grouping Effect on Motor Proficiency Development and Mastery 

The last hypothesis which was formulated from the research question and the objective of 

the study, was that the participants enrolled in the intentionally designed specialised 4-in-1 

Physical Literacy program, would show significantly better development and mastery of their 

fundamental movement skills when compared to their control counterparts, who were enrolled in 

the Active Recreation Program.  This however,  was not significant. 

When the three-way interaction was run, following the MANCOVA, no significant 

interactions showed up by time, nor by gender.  It is apparent, from the results of this study, that 

the 4-in-1 Physical Literacy program when compared to standard recreation programming, did 

not have a more significant impact on the development and mastery of skills.  This could be 

contributed to the age of the participants, and the fact that they are in a period of substantial 

growth and development of fundamental skills.  Further, data was not collected on the types of 

extra-curricular programs they may have been enrolled in throughout the course of the study, nor 

a specific look at the type of PE curriculum the children were participating in.  All of these 

factors could potentially contribute to the lack of significant differences between the intervention 

and control group.  As this is the baseline of a seven-year prospective study, this specific 

hypothesis could hold more weight in future years of evaluation to discern if the program is truly 

more beneficial than standard recreation programs that are available for parent(s) and/or 

guardian(s) to enrol their children into. 
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Though the 4-in-1 Physical Literacy program allows parents to have a “one-stop shop” of 

experiences for their child (or children) to be enrolled into over the course of eight-months, the 

results of this study indicate that just to enrol a child into programming, that compliments the 

daily activity already obtained through kindergarten and outside of school, allows for significant 

development of skills.   

5.4 Limitations of the Study 

The study focussed on the evaluation of motor proficiency development and mastery of 

children in an intentionally designed specialised physical literacy program, when compared to 

children in standard recreation program.  Although the study was built in a way to have a high 

degree of internal validity and reliability, as well as addressing issues of external validity, there 

were limitations that became present throughout the course of the intervention. 

5.4.1 Female Score Differences 

The first limitation of the study was within the initial assessment period of the present 

study.  A divergence in pre-assessment scores, specifically in the locomotor skill scores of 

females was present, wherein the females of the control group scored approximately six points 

higher.  This difference could have attributed to the non-significance found in this specific 

grouping of participants in the locomotor outcome measure, and the decreased significance when 

compared to the intervention female group in the gross motor quotient which is a direct outcome 

measure of the combination of the locomotor skill scores and object control skill scores.  

Although randomization was used in combination with stratification of participants, the 

divergence of these scores needed to be addressed as it could have potential ramifications on the 

generalizability of the results.  One consideration as to why this divergence may have happened 

with the use of stratification and randomization could have been potentially due to the small 
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sample size used in the current study.  A larger sample size may have helped control the 

placement of the females, potentially resulting in less divergence of the initial testing scores.  

Further, if no stratification was used initially, and all assignments were done in a completely 

random manner, the divergence that was witnessed may have been mitigated or controlled for 

better. 

5.4.2 Age of Participants 

The second limitation is the age group of the participants who were in the study.  Given 

that they were 4 to 5-years of age, the participants could have potentially been in the middle of a 

growth spurt, as well as in the middle of developing mastery of fundamental movement skills.  

Given the fact that both the intervention, as well as the control group, were both physically 

active, it is to be expected that improvements in fundamental skill development and mastery 

would occur.  As this study is the baseline component of a seven-year longitudinal study, it 

would be interesting to see the development between the groups over the length of the study.  

The literature currently dictates that gender disparity is typical between males and females at all 

ages, however, with the intentionally designed program, this disparity could be diminished 

throughout the course of the study. 

5.4.3 No True Gold-Standard Assessment Tool 

The third limitation of the study, is the lack of a true gold-standard tool used to measure 

motor proficiency development and mastery.  As discussed throughout the literature review, 

there are two types of motor proficiency tools used to measure development and mastery of 

fundamental movements; process oriented tools which assess the processes associated with a 

movement and its relevant pattern, and product oriented tools which assess the direct output of a 

movement pattern (e.g., hitting a target using an overhand throw pattern).  Within each of these 
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types of tools, there are multiple assessment tools and protocols that could potentially could be 

selected for use.  Some researchers (e.g., Matvienko & Ahrabi-Fard, 2010) created a specific tool 

to assess movements they are specifically looking at.  Due to the wide array of tools and 

assessment protocols which could be selected, and the lack of a gold-standard assessment tool 

which any other tool should be compared against, the validity and reliability of the assessment 

tools could be challenged.   

As stated in the literature review and the methodology, the TGMD-3 and BOT2 were 

chosen specifically for the rigor that each assessment was put through, throughout the course of 

the development of each protocol.  This in-turn allows the data obtained throughout the course of 

the study to be highly valid, both internally throughout the protocols set in place to ensure proper 

assessments are accomplished for each participant, as well as externally, allowing the data to be 

generalizable to the population selected.  

5.4.4 Selection Bias 

As the study recruitment material was found on the website for Vivo for Healthier 

Generations, as well as on posters, posted around the facility, and then within community centres 

throughout the North-Central communities of Calgary, there is the possibility for a selection bias 

to take hold.   

5.4.4.1 Non-Adaptive Program and Removal of Participants with Disabilities 

When referring to the external validity of the study, it is worth noting that through the 

exclusion criterion, participants who may have had a physical or mental disability were removed 

to have an abled bodied sample.  The reasons for this, as discussed earlier, was that the program 

was not designed to be adaptive to accommodate individuals with disabilities.  This does create a 

limitation to the extent at which the results could be generalized to the population selected, 
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knowing that there are individuals in the set population that do have physical or mental 

disabilities.  However, the study was established as more of a pilot program to assess how 

effective an intentionally designed recreation program could be on fundamental movement skill 

development and mastery within kindergarten children.  With the data obtained from the study, 

changes could be implemented to allow for adaptive material if this program is to be 

implemented in the recreation setting moving forward. 

5.4.4.2 Self-Selection Bias 

The recruitment of the participants was done through recruitment forms, which in essence 

is a volunteer based selection method.  Those individuals or family units who put a higher 

emphasis on physical activity, health and wellness, may have been more inclined to register for 

the selection process, thereby decreasing the external validity of the study.  If the participants 

which were selected from the study, did hail from a family unit or family environment which put 

a greater emphasis on physical activity, health and wellness, the degree to which the data is able 

to be generalized back to the general population from which this sample was taken, diminishes.  

5.4.4.3 Snowball Sample Effect 

Continuing on, in the same direction as the previous section, a snowball sample effect was 

noted.  Many of the parent(s) and/or guardian(s) which registered their children for the potential 

to become selected for the study, were connected through other activities, which their children 

previously participated in together, or from the same community.  This can contribute to a more 

homogenous sample from which the participants were selected, and again, if there was a higher 

amount of emphasis put onto physical activity, health and wellness within these family units, it 

could cause the data and results to be less generalizable to the general population from which this 

sample reflects.  
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5.4.4.4 Attrition Bias 

Of the 61-participants recruited into the study, there was a 3.2% attrition rate (two-

children).  Though, this does not necessarily mean that the attrition rate will over or under-

estimate the results obtained from the data, it is still necessary to report.  There was a loss of 

follow up on the two participants, as to why they withdrew from the study, and therefore only 

speculation could be made as to the reasons behind their removal.  There could have been 

potential time or day conflicts that may have arisen throughout the course of the study, which 

caused the participants to withdraw, as they were no longer able to meet at the specified days and 

times.  There may have also been a lack of importance on physical activity, health and wellness, 

from within the family unit which created perceived time barriers, or other life barriers which 

could have impacted the importance of making the times and days of the programs. 

5.4.5 Recall Bias 

The parent(s) and/or guardian(s) of the participants were asked to fill out demographic 

questionnaire forms at the beginning of the pre-program assessment.  Parts of the demographic 

questionnaire were susceptible to recall bias, as questions such as; “How many minutes of daily 

physical activity does your child receive?”, or “What extra-curricular sports and/or activities is 

your child currently registered in?”.  Parent(s) and/or guardian(s) may have inflated or amplified 

these sections to make their child look more desirable to the research team, or may have 

inaccurately guessed at certain questions.  Though, this data was only used to describe the 

demographics of the sample, if further analysis were to be ran, and this information was to be 

used, it could create either over-estimations or under-estimations of the results being obtained.  
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5.4.6 Measurement Bias 

As the study focussed around the evaluation of fundamental movement skill development 

and mastery, there are a few types of measurement bias which could have influenced the data 

and results collected. 

5.4.6.1 Instrument Bias 

Two specific assessment tools and their protocols were used to measure locomotor, object-

manipulation and balance skills of the participants.  Due to the lack of a gold-standard 

assessment tool, the reliability and validity of any fundamental movement skill assessment tool 

could be challenged.  The Test of Gross Motor Development, 3rd Edition (TGMD-3) and the 

Bruininks-Oseretsky Test of Motor Proficiency, 2nd Edition (BOT2) are both highly reliable and 

valid tools.  The literature surrounding the validity of these tools, is substantial, thus the selection 

of each of these tools within the study (Bruininks, & Bruininks, 2005; Deitz, Kartin, & Kopp, 

2007; Herrmann, Gerlach, & Seelig, 2015; Ulrich, 2000). 

The individual pieces of equipment used within the study can also lend to an instrument 

bias.  The selection of the equipment, specifically for the TGMD-3, was selected through the 

recommendations within the TGMD-2/TGMD-3 user manual protocols, and for the age group 

which was being assessed.  However,  the baseball bat, and t-ball set/ball were foam, due to the 

lighter weight of the equipment and making it easier to handle for smaller bodies.  The fact that 

the bat was foam, could potentially impact the nature of the two-hand strike swing, making it less 

“natural”, when swinging something with more weight and body to it.  However, this equipment 

was specifically selected to ensure all participants within the study were able to use the 

equipment properly, and to the best of their ability, and with potentially a wide difference in 

height and weight of the participants, uniformity within the equipment was essential. 
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There was no issues when it came to the decay or degradation of the equipment, as it was 

only used at the pre-program assessment, and stored without being used again until the post-

program assessment.  

5.4.6.2 Observer Bias, Inter-rater Reliability and Intra-rater Reliability 

As the TGMD-3 and the BOT2 are evaluative assessment tools, they were subject to 

observer bias.  The study had multiple levels of strength built into these specific area, however, 

an observer bias could have potentially unfolded.   

Each participant was assessed at two time points, and their skills were scored live, and also 

recorded for a rescoring two-weeks following their assessment.  When scoring live, the evaluator 

is subject to multiple scenarios which could direct their attention away from the participants and 

the skills they are performing.  This could range from the internal testing environment, such as a 

piece of equipment falling or rolling out of place which distracts the evaluator, to the external 

environment, such as the loud surroundings which again could distract the evaluator, to the loss 

of concentration of the evaluator.  This was mitigated as much as possible, by performing the 

assessments in a side room, between two gymnasiums which separated the participant and the 

research team from external distractors.  The area was also a bit more confined, and had ample 

area to store equipment which was not currently being used.  The assessments were also 

scheduled to ensure a 15-30-minute break was taken between each assessment to try and ensure 

the evaluator was not tired, or had a loss of concentration. 

Prior to the study commencing, the lead researcher for this study underwent rigorous 

training of the TGMD-3 and BOT2 protocols to ensure that a high level of inter-rater and intra-

rater reliability to be maintained (Rousson, Gasser, & Seifert, 2002).  The main researcher 

(evaluator), first went through the BOT2 protocols, and was scored against the lead researcher, 
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of the prospective part of the larger study, who has multiple years of mastery of the tool.  The 

evaluator had to obtain an 90% inter-rater reliability score, when compared to the lead researcher 

of the prospective study to be allowed to use the tool for the current study.  This was also the 

same guidelines followed for the TGMD-3, however, the only difference was the evaluator was 

compared to the lab at the University of Michigan, where the TGMD-3 was created.  Again, a 

90% inter-rater reliability had to be obtained.  

The intra-rater reliability was checked at the two-week mark following the pre-program 

assessment, as well as the post-program assessment.  Similar to the inter-rater reliability 

measures, a 90% score had to be obtained on 10% of randomly selected participants, during the 

rescoring of all skills.  

Though, these protocols were followed, there is also the room for errors within each of 

these, and therefore could limit reliability and validity of the data and the results, and would be 

prudent not to mention within this section. 

5.4.6.3 Hawethorne Effect 

The participants were assessed with both protocols in a live fashion, thereby creating what 

is known as a Hawethorne Effect.  Due to the nature of the testing protocols, and the nature of 

humans, the participants may have changed the way they performed the skills being asked of 

them, because they were being observed by both the research teams, as well as their parents.  The 

lead researcher and the research assistant for this study, were not directly involved in the 

programs, to ensure there was no biases created in the teaching of specific programs, and the 

parent(s) and/or guardian(s) of the participants, were not allowed to sit on the sidelines during 

the programs.  Thus, because the parent(s) and/or guardian(s) were present, as well as a set of 

“newer” people to the participants, they may have over-performed or under-performed on the 
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skills being assessed, thereby impacting the results obtained.  This effect, in many ways in 

unavoidable, but needs to be accounted for due to the nature of the study. 

5.4.7 Confounding Variables 

Although much thought was put into the development and administration of the study to 

control for as many limitations, and confounders as possible, there were still some confounding 

variables present which could impact the data and results.  

The first confounder which should be mentioned is ethnicity and cultural heritage or values 

which are present.  The sample was a diverse sample, with many self-identified ethnicities being 

reported, however, this potentially could feed into the development and mastery of certain skills.  

For example, if a family unit with traditional beliefs about gender specific sports was present, it 

could translate into females being put into more traditional female sports and activities, such as 

dance and gymnastics, whereas males would be placed more into soccer, hockey or baseball.  

These potential gender-norm beliefs and constructs could potentially influence the development 

of skills in one area, while negating skill development in another.  

Secondly, no data was collected on external sports and activity involvement of the 

participants throughout the course of the study.  Although data was collected on what sports or 

activities the participants were currently doing upon the pre-program assessment, these activities 

could have changed, specifically in the type of activity, or the amount of extra-curricular 

activities they may be doing in addition to the program.  With a potential for some participants to 

be extremely more active than others, even though they are participating in the same study 

program, these extra-curricular activities and sports could have major impacts on the 

development and potential mastery of certain fundamental movements, thereby creating and 

over-estimation of the results. 
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Third, there is a potential for adiscrepancy in the way that physical education is taught in 

kindergarten.  If one school has a physical education specialist teaching the physical education 

program to children, while many other schools have generalists who may not have a sound 

concept of how to teach a physical education program in the same way a specialist would, there 

could potentially be massive discrepancies in the development of skills outside of the program.  

This could potentially translate into the program, specifically during the post-program 

assessment, where some individuals may be showcasing mastery of skills, though this mastery 

would have been supplemented through the physical education classes.  This confounder is one 

that is of common place throughout most, if not all, studies in this field.  The vagueness 

associated with physical education curriculum outcomes, and the vast discrepancy in the skills 

and education of those instructing physical education can influence the discrepancies seen 

amongst children. 

5.4.8 Program Cost 

The specialised program, and the funding allotted to the active recreation programming 

group (control group), was a substantial cost of $1500.00 per child.  With the funding that was 

obtained through Vivo for Healthier Generations to run this program, the study itself was 

feasible.  However,  the cost associated with this program, may decrease the feasibility of 

directing this program into a fully functioning program.  If the program was to be divided into 

smaller components, that run for two or four months, with a lower cost, the potentially cost 

deterrent could be lower. 

5.4.8.1 Registration Deposit 

Vivo for Healthier Generations implemented a $100.00 deposit to be paid prior to the 

enrolment into the programs, whether it be the specialised program or the standard programming, 
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by all parent(s) and/or guardian(s) of the participants.  There was a contingency plan put in place 

to ensure that all participants, of whom were selected, would be able to participate in the 

program if the parent(s) and/or guardian(s) were in financial hardship and could not afford the 

deposit.  This was also a point of contention with the ethics committee, wherein ethics was 

granted barring that all $100.00 was reimbursed to the parent(s) and/or guardian(s) of the 

participants regardless of them finishing the program or withdrawing. 

5.5 Future Directions of the Study 

This study was the baseline component of a potential seven-year prospective study, 

discerning the effectiveness of intentionally designed recreation program, based on a physical 

literacy model, to increase fundamental movement skill development and mastery of children 

and youth.  Though, many limitations and confounders are noted, many of these could 

potentially be mitigated throughout the length of the prospective study.  Though the program is 

lacking a “true” control group, the length of the study with the compilation of year-on-year data 

may be able to discern differences in standard programming, when compared to intentional 

programming, and be able to determine effectiveness and the efficacy of such programming.   

Though this study looks specifically at development and mastery of fundamental 

movement skills from a process and product oriented approach, it lacks in a qualitative overview 

of what the data and results mean.  The idea of gender-norms and ethnicity-norms and cultural-

norms can directly influence the development and mastery of skills, so to be able to tease these 

factors out through the use of focus-groups and interviews, may be able to shape a bigger picture 

as to how the research done within the physical activity, health, wellness and recreation sector 

should be looking at programming, and provide a more holistic view moving forward.  This 

qualitative approach could also aid in discerning how this field begins to view and shape new 
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models of physical activity, health and wellness to be more inclusive for a rapidly changing 

population, where diversity is becoming more prominent. 

It would be the suggestion of the author, that future studies look more towards mixed-

methodological approaches to viewing physical literacy and motor proficiency development and 

mastery.  The current views of physical literacy are strictly looking at the development of a child 

or youth from a physical stand point (Long-term Athlete Development Model, ParticipAction, 

etc.), but very few take a holistic view.  The need to assess not only physical competencies, but 

also the domains of knowledge translation, motivation, and confidence will help in the shaping 

of a more holistic generation.  Bringing in the concepts of perception, and how it relates to 

outcome measures can aid in connecting the points of knowledge translation and motivation to 

the physical output of children and youth.  It could then aid in the future development of better 

programming across multiple sectors, as the growth and education of children and youth does not 

just fall into one area or domain.  The results found in this study, could aid in, not only the better 

development of the current prospective study, but also be a guide for young-children models as a 

foundation to be built off of. 

5.6 Conclusion 

This study, was the baseline study of a larger seven-year longitudinal study, aiming to look 

at the effectiveness of specialised programming, in the context of a physical literacy model, in 

comparison to standard recreation programs readily available.  Though, looking at a relatively 

hot-topic in the current literature, it is relatively unique in the age of the participants, as well as 

the mode of the specialised programming taught to the intervention group. 

A literature review, done at the beginning of the study, revealed that this is a relatively new 

and emerging topic within the area of health and wellness, as well as within the realm of 
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pedagogical design and recreation.  Much of the literature seemed to be repetitive, and much of 

the literature was from similar labs, or similar researchers.  As well, much of the literature 

looked more at cross-sectional surveys, or longitudinal cohort models, following the progression 

of skill development, without implementing interventions.  

The present study brings together pre-existing knowledge on gender differences and 

growth and development, but adds in a quasi-experimental design, with the implementation of a 

thoughtfully and intentionally designed eight-month curriculum, that could potentially be added 

to the programs already available within a recreation centre.  The program was reimagined off of 

the program Dr. Van Wyk used in her Ph.D. dissertation, looking at intentional program design 

in a recreation sector, but for a younger population. 

A three-way MANCOVA, with one-repeated measure and two covariates, was utilized to 

analyse the data obtained from the study, to look at three specific hypotheses; a time effect in all 

participants, a gender effect between the males and females of the programs over the course of 

the study, and a group effect, specifically looking at the difference in development and mastery 

of fundamental movement skills between the control and intervention group. 

The most prominent significance found within the study, was the difference in skills both 

at the pre-program assessment, and the post-program assessment between males and females.  

Males outperformed their female counterparts in the object-control skills, which typically 

translated into a significant difference in the general motor quotient score (which is 

representative of the locomotor skill score and object-control skills score being summated 

together).  Whereas the females outperformed their male counterparts in the balance skills.  As 

discussed previously, there is no clear indication as to why this discrepancy within genders exist, 

however, a number of ideas have been given to try and explain this difference.  This is an area 
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that requires more research moving forward, and it would be the suggestion of the author to 

begin looking at it from a more qualitative lens, as it could lead to better discussions, and 

potential explanations as to why this discrepancy truly exists. 

The other significant difference found within the study was in relation to time.  Both males 

and females, in both the intervention group and control group, increased significantly across all 

outcome measures being assessed.  This indicates, that regardless of what type of programming 

children are in at this age, extra-curricular involvement in physical activity has substantial 

benefits on increasing the development and mastery of skills.  Tying back to the previous 

finding, the changes within the object-control were significant in both males and females, 

therefore lending strength as to why it would be important to keep females within activities that 

require object-control and manipulation to be practiced, either through full instruction, or play.  

As there was no mid-point assessment done, it is hard to know if these changes would have been 

significant after four-months, but if relating back to the literature available, significant changes 

have been since in as little as four-weeks, and as late as 20-months. 

The final hypothesis was comparing the specialised program to the standard recreation 

programs readily available to the public, and found that there was no significant difference in the 

motor proficiency development and mastery between the two groups.  Though not significant, 

this does indicate that regardless of the type of programs the children were enrolled into, there 

were still significant changes seen within the different skill sets across most, if not all 

participants.  As said previously, as this is a seven-year prospective study, the data obtained as 

the study moves forward, could potentially start to discern the effectiveness of specialised 

programming over standard programming.  However,  with the results currently available, it can 
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be said that enrolment in any type of program would be beneficial for the growth, development 

and mastery of fundamental movement skills of children. 

It is the personal recommendation of the author, that parent(s) and/or guardian(s) actively 

participate in the growth and development of their child’s physical literacy journey, specifically 

within the area of their motor proficiency development.  Specialised programming does have 

benefits that standard recreation programming does not, such as exposure to a larger variety of 

activities, thereby increasing the child’s movement vocabulary. As well as, it aids in relieving the 

strain of trying to enrol your child into a program, two-to-three months’ prior the program(s) 

commencing, with no guarantee that the child will be enrolled in said program(s).  The 

specialised program allows for a swap of environments every 4-weeks, keeping the attention of 

the child, without them getting bored of the activities they are participating in over the course of 

the four-weeks.  It also exposes parent(s) and/or guardian(s) to other programs, activities and 

sports, they may not have been aware of, thus increasing their movement vocabulary and 

potentially finding activities to participate in, within the family unit. 

It was concluded, that though there was no difference in the development and mastery of a 

child’s fundamental movement skills between the intentionally designed 4-in-1 Physical Literacy 

program and the Active Recreation program groups.  However, as the present study only reflects 

the baseline data of a seven-year prospective study, differences could begin to emerge at a later 

point between the two groups.  It can also be concluded that significant changes did occur across 

all outcome measures, regardless of changes over the span of the eight-month study.  Again, 

future studies may want to have multiple program lengths to better determine if there is an 

optimal time frame associated with significant improvement of fundamental movement skills of 

children.  Finally, it was concluded that gender discrepancies were evident at the age of 4 and 5 
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years old, where males tended to score higher at the beginning of the study, and maintained this 

difference throughout the end of the study.  The only outcome measure this was not consistent on 

was within the balance measure, where females on average scored higher than their male 

counterparts and maintained this difference throughout the course of the study.  
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APPENDIX A: RECRUITMENT POSTER 

 

  

! This Opportunity is available to 60 students. For more information or to qualify 
your child for this project, please contact nvanwyke@vivo.ca. 

 

*This study has been approved 
by the University of Calgary 

Conjoint Health Research Ethics 
Board 

*REB:15-0876 
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APPENDIX B: RESEARCH ELIGIBILITY RECRUITMENT FORM 

 

  

 

 

!
ELIGIBILITY!TO!PARTICIPATE!

Thank&you&for&your&interest&in&this&pioneering&research&study.&&Below&is&a&short&questionnaire&that&provides&more&
information&on&how&to&qualify&for&participation.&
&

1.! Your&child&must&be&available&for&two&days&a&week&of&physical&activity&at&Vivo&for&Healthier&Generations&
(previously&known&as&Cardel&Place)&from&September&8,&2015&to&April&28,&2016.&Please&check&your&child’s&
availability&in&the&box&below.&
My&child&is&available&on&the&following&days/times&(please!check!all!that!apply)&

! & Monday&–&Friday&between&9:00amU8:00&pm&
! & Tuesday&&&Thursday&9:00amU11:30am&
! & Tuesday&&&Thursday&12:30pmU4:00pm&
! & Monday&&&&Wednesday&between&9:00amU8:00pm&
! & Saturday&–&Sunday&mornings&only&
! & Saturday&–&Sunday&afternoons&&only&
& Only&on&the&following&days&and&times&

U&
U&
U&

&
2.! Your&child&must&be&free&of&any&medical&diagnosis&that&would&impede&their&participation&in&this&physical&activity&

program.&
&

3.! Your&child&will&also&be&asked&to&participate&in&a&motor&proficiency&evaluation&on&2&different&occasions&in&
September,&2015&and&April,&2016.&This&test&will&measure&your&child’s&fundamental&movement&skills&and&is&as&
simple&as&doing&a&hopping&on&one&foot,&throwing&and&catching&a&ball,&or&running.&&This&test&takes&approximately&
45U60&minutes.&The&evaluation&will&also&include&anthropometric&measures,&such&as&taking&your&child’s&height&and&
weight,&to&allow&for&tracking&of&your&child’s&growth&during&the&program.&If&you&agree&to&participate&you&will&be&
required&to&select&a&date&for&physical&testing,&prior&to&enrollment.&There&will&be&more&information&to&follow,&
regarding&testing&dates,&depending&on&your&initial&interest&of&participation.&

&
4.! Your&child’s&attendance&is&paramount&to&the&success&of&this&research&study.&If&you&consent&to&participation&you&

are&asked&to&ensure&that&your&child&is&in&attendance&a&minimum&of&80%&of&the&classes&(at&least&51&of&64&classes).&
&

5.! At&various&times&throughout&your&child’s&physical&activity&program&at&Vivo&for&Healthier&Generations&the&class&will&
be&observed&by&research&assistants.&Information&will&be&collected&in&regard&to&the&types&of&activities&occurring&in&
the&class.&

&
I,&_______________________________________&,&consent&&to&all&of&the&above.& & __________________________&

&&& &Parent/Guardian& & & & & & & & & Date& &

___________________________________________& & & & & __________________________&

& Email&address& & & & & & & & & & Phone&number&
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APPENDIX C: SAMPLE SIZE CALCULATION 

 

  

Appendix C 
Sample Size Calculation 

 

! = 2$%&' () + (+
&

Δ&  

 
SD = 15 

() = 1.96  (1 = 0.05) 
(+ = 0.84'(power = 0.8) 

Δ = 78 −7& = 100 − 115 = 15 
 

! = 2(15)&'(1.96 + 0.84)&
15&  

 
! = 15.68 

 
!
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APPENDIX D: PROGRAM PARTENT/GUARDIAN CONSENT FORM 

 
 

TITLE:  Evaluation of Motor Proficiency of Early Childhood Children in a Year-Long 
Recreation Physical Literacy Program 

 
Chapter Six: INVESTIGATOR:  

  Kyle McCallum, MSc. Student 
  University of Calgary - Faculty of Kinesiology 
  403-220-6673 
   
  Dwayne Sheehan, PhD, Associate Professor (Supervisor) 
  Mount Royal University – Faculty of Physical Education 
  403-440-5148 
 
  Larry Katz, PhD, Professor (Supervisor) 

University of Calgary - Faculty of Kinesiology 
  403-220-3418 
 
This consent form is only part of the process of informed consent. It should give you the basic 
idea of what the research is about and what your child’s participation will involve. If you would 
like more detail about something mentioned here, or information not included here, please ask. 
Take the time to read this carefully and to understand any accompanying information. You will 
receive a copy of this form. 
 
BACKGROUND 
 
Physical activity is an important part of staying healthy.  We are interested in determining if a 
Physical Literacy program at Vivo Recreation Centre will increase children’s motor proficiency 
following the completion of two four month sessions.  
 
WHAT IS THE PURPOSE OF THE STUDY? 
 
Your child is being invited to participate in a research study that will begin in September, 2015, 
and continue until the end of April, 2016, entitled Evaluation of Motor Proficiency of Early 
Childhood Children in a Year-Long Recreation Physical Literacy Program. The purpose of 
this research study is to compare a physical literacy program to standard programs offered within 
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Vivo for Healthier Generations (formerly known as Cardel Place). All participants in either the 
Physical Literacy Program, or the standard recreation programming already offered at Vivo for 
Healthier Generations, will be equally physically active 2-times per week, throughout an 8-
month period, September 2015 through April 2016. 
 

WHAT DOES MY CHILD HAVE TO DO? 

 
1. At the beginning and end of the program, your child will be asked to participate in the 

Test of Gross Motor Development, 3rd Edition (TGMD-3), a motor proficiency 
assessment tool. These assessments will be videotaped through the use of an iPad or 
video recorder to allow for proper assessment of skills. 

2. At the same assessment time points, your child will be asked to perform various balance 
exercises as directed by the Bruininks-Oseretsky Test of Motor Proficiency, 2nd Edition. 
These assessments will be videotaped through the use of an iPad or video recorder to 
allow for proper assessment of balance skills. 

3. Your child will be asked to have anthropometric measures of height and weight to be 
taken. 

4. Your child will also be required to attend a minimum of 80% of the sessions as part of 
their respective programs. This totals 51 of 64 sessions over the next 8 months. 

 

WHAT DO I HAVE TO DO? 

1. You will be required as the parent or guardian to ensure you child attends 80% (51 of 64) 
of the sessions of the program(s) they will be enrolled in over the next 8 months. 

2. You will be asked to participate in 4 voluntary parent information sessions between 
September, 2015 and April, 2016. 

3. You may also be invited to participate in a focus group to discuss physical activity 
 

WHAT ARE THE RISKS TO YOUR CHILD? 

 
Your child will be asked to be physically active twice a week for the next 8-months. As with any 
type of physical activity, the risk of injury could arise and include things such as bruises, bumps, 
sprain, strains, scrapes, etc. These risks are no different then those associated with physical 
activity associated with daily living and school. The programs your child will be enrolled in have 
trained professionals leading the programs, and all precautions are given during instruction and 
activity times. 
In the event that your child suffers injury as a result of participating in this research, no 
compensation will be provided to you by Vivo for Healthier Generations (Cardel Place), the 
University of Calgary, Mount Royal University or the Researchers. You still have all your legal 
rights. Nothing said in this consent form alters your right to seek damages.  
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WHAT ARE THE RISKS TO YOU? 

As you are not being asked to be physical active, there are no risks associated with this study that 
can be determined.  
In the event that you suffer injury as a result of participating in this research, no compensation 
will be provided to you by Vivo for Healthier Generations (Cardel Place), the University of 
Calgary, Mount Royal University or the Researchers. You still have all your legal rights. 
Nothing said in this consent form alters your right to seek damages.  
 

ARE THERE ANY BENEFITS? 
 
The benefits of participating in this research study include; 

1. Acquiring new knowledge about physical literacy and fundamental movement skills 
2. Contributing to the existing body of knowledge about physical activity in recreation 

 
DO I OR MY CHILD HAVE TO PARTICIPATE? 
 
You and your child’s participation in this research study is completely voluntary. As part of the 
study, your child will be enrolled into one, or multiple programs at Vivo (formally known as 
Cardel Place). An expectation of 80% attendance is required for participation in the study. 
Sessions will be 2-times a week over an 8-month period beginning in September of 2015 and 
ending in April of 2016. Your child will also be required to participate in a motor proficiency 
evaluation that will run approximately 1-hour in length in September and in April 
 
As this study is set to assess the motor proficiency gained from two different types of 
programming, your child may be selected to participate in one of two streams.  
 
The first stream is the 4-in-1 Physical Literacy program which is a new program being offered by 
Vivo for Healthier Generations and is set to run a full 8-months in length. If selected into this 
program, your child will experience activities and sports in four environments, ground, air, water 
and ice, and will rotate through these areas month to month.  
 
The second stream your child could be selected into is the current active recreation programming 
offered at Vivo for Healthier Generations. If selected into this stream, you as the parent or 
guardian will be able to select two activities every 2-months to enrol your child into for their age 
category. These programs could include, learn to swim, learn to skate, tiny tumblers, and other 
programs. You will be given priority selection into the programs of your choice, and receive the 
programming guide in September and January to choose your activities from. 
 
Again, this study is completely voluntary and you or your child can choose to withdraw your 
child and your child’s data from the study at any given time. If you or your child would like to 
withdraw from the research study at any point, simply contact Kyle McCallum 
(kyle.mccallum@ucalgary.ca or 403-220-6673). Any information that has been collected will not 
be included in the final results. 
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WHAT ELSE DOES MY PARTICIPATION INVOLVE? 
 
Upon being invited into the study, a $100.00 registration fee will be required. Upon completion 
of the program, the $100.00 deposit will be refunded to you as a credit for Vivo for Healthier 
Generations, providing your child attended 80% of the sessions (51 of 64 sessions) over 8-
months and completed both testing periods, September and April. 
 
The $100.00 deposit is to ensure children and parent(s) and/or guardian(s) are respectful of the 
facility and equipment, as well as ensuring the minimum attendance required and punctuality 
within the allotted programs. If the children and/or the parents or guardians withdraw at any 
point in the course of the study, they will receive the $100.00 back. Those children who 
complete all requirements will receive the $100.00 back in credit to Vivo for Healthier 
Generations.  
 
Those parents or guardians who cannot afford the $100.00 deposit will still be accepted into the 
study, and not be excluded based on financial strains. At this point, Vivo for Healthier 
Generations will subsidize these children into the study under good faith and require the same 
requirements as any other child in the study (minimum session participation requirement, both 
assessments being completed). Upon finishing the program, they will not receive the $100 credit 
back to the family, as nothing was put forward at the start.  
 
WILL WE BE PAID FOR PARTICIPATING, OR DO WE HAVE TO PAY FOR 
ANYTHING? 
 

1. Cardel Place is providing the facility, equipment and instructors for 60 children to 
participate in this activity. To secure registration there is a $100 registration fee. The 
program activity is valued at $540/session ($1080 in total).  

 
2. Families will be eligible to receive a $100 credit to Cardel Place upon completion of the 

physical activity program. 
  
 
WILL MY CHILD’S RECORDS BE KEPT PRIVATE? 
 
All children will receive a randomized number that will be the only connection to the collected 
information.  The name of each child and their corresponding code shall be locked in a separate 
secure cabinet from the information collected during testing.   All field notes, journals or 
observations shall remain in the co-investigator’s possession or securely locked in a filing 
cabinet inside the co-investigators office. Video files will be kept for a very short period of time 
and used to verify testing results. At no time will any electronic information or image be shared with 
an outside source. All data raw data will be kept for 5 years following the closing of the study with 
the Research Ethics Board before disposition. This is set in accordance with current guidelines 
established by the University of Calgary Research Ethics Board. 
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Final results will be shared publically during a Master’s of Science Thesis Defense held at the 
University of Calgary in the Fall of 2016. It is also intended that the results will be presented at a 
conferences and through written publications. 
 
 Your signature on this form indicates that you have understood to your satisfaction the 
information regarding your child’s participation in the research project and agree to their 
participation as a subject. In no way does this waive your legal rights nor release the 
investigators, or involved institutions from their legal and professional responsibilities. You are 
free to withdraw your child from the study at any time without penalty. If you have further 
questions concerning matters related to this research, please contact: 

Other questions pertaining to the study can also be directed to the following; 
 

 
Kyle McCallum, BSc. Kin (MSc student) 

Kyle.mccallum@ucalgary.ca  
403-220-6673 

 
Dwayne Sheehan, PhD, Associate Professor (Supervisor) 

dpsheehan@mtroyal.ca 
403-440-5148 

 
Larry Katz, PhD, Professor (co-Supervisor) 

katz@ucalgary.ca 
403-220-3418 

 
If you have any questions concerning your rights as a possible participant in this research, or 
research in general, please contact the Chair of the Conjoint Health Research Ethics Board, 
University of Calgary at (403) 220-7990, email chreb@ucalgary.ca.  

A copy of this consent form has been given to you to keep for your records and reference. The 
investigator has kept a copy of the consent form 
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CONSENTING SIGNATURES: 
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APPENDIX E: PROGRAM CHILD ASSENT FORM 

Project Title: Evaluation of Motor Proficiency of Early Childhood Children in a Year-

Long Recreation Physical Literacy Program 

 

Investigators: Kyle McCallum 

 

I want to tell you about a research study we are doing. A research study is a way to learn more 

about something. I would like to find out more about physical activity for children. You are 

being asked to join the study because you are in grade kindergarten. 

 

If you agree to join this study, you will be asked to answer some questions about physical 

activity. You will also have the chance to show some of your skills that you have in physical 

activity like balancing on one foot and doing sit ups. There will also be the chance to show us 

different skills, such as kicking a ball, catching a ball, and hopping on one foot. This will happen 

two times over the year, once at the beginning of the program, and once at the end of the 

program. I will also like to videotape you doing these activities, so we can watch them again. 

 

When doing the activities you might fall and get a bruise or hurt a part of your body but this will 

be by accident. You won’t be asked to do anything that is dangerous.  

 

The benefit of you helping me with this research study is that I will learn what children do in 

programs here at Vivo (Cardel Place) and what we can do to make them better.  
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You do not have to join this study. It is up to you. You can say okay now and change your mind 

later. All you have to do is tell us you want to stop. No one will be mad at you if you don’t want 

to be in the study or if you join the study and change your mind later and stop.  

 

Before you say yes or no to being in this study, we will answer any questions you have. If you 

join the study, you can ask questions at any time. Just tell the researcher that you have a 

question. 

 

If you have any questions about this study please feel free to contact me, Kyle McCallum at 403-

220-6673 or the study supervisors Dwayne Sheehan 403-440-5148 or Larry Katz 403 220-3418. 

 

Would you like to be in this research study? 

 

     _____    Yes, I will be in this research study.     _____ No, I don’t want to do this. 

 

__________________________        ___________________  ____________ 

Child’s name                       Signature of the child  Date 

 

 

__________________________        ___________________  ____________ 

Person obtaining assent  Signature    Date 
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APPENDIX F: LETTER OF INVITATION 

	

	

Good	evening,	

		

Thank	you	for	expressing	interest	in	participating	in	a	Child	+	Youth	research	

study	at	Vivo	for	Healthier	Generations	that	is	examining	children’s	

fundamental	movement	skills	and	exploring	the	concept	of	family	wellness.	I	

would	like	to	invite	you	and	your	child	to	participate	in	a	specialised	

program	that	will	run	on	Tuesday	and	Thursday’s	from	10:30-11:15	

beginning	Tuesday	September	8th,	2015.	Your	child	will	participate	in	a	

variety	of	physical	activities	including	gym-based	activities,	yoga,	DancePl3y,	

swimming,	skating	and	more!	

		

In	order	to	further	describe	the	program	and	to	answer	questions	you	are	

invited	to	attend	an	information	session.	You	are	invited	to	attend	one	of	

the	following	information	sessions.	
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1) September	1st	from	6:00-7:00	pm	in	Open	Physio	(located	on	the	main	
level	outside	Panther	Physio	clinic)	

2) September	3rd		from	1:00-2:00	pm	in	Open	Physio	(located	on	the	
main	level	outside	Panther	Physio	clinic)	

		

At	the	parent	meeting	the	following	items	will	be	discussed;	

		

1) The	nature	of	the	study	
2) Your	role	in	participating	in	the	study	
3) To	introduce	you	to	our	research	team	
4) To	answer	any	questions	that	you	may	have	

		

The	Vivo	PLAY	ambassadors	will	be	available	to	play	with	any	children	that	

need	to	attend	the	parent	information	session.	

		

At	the	parent	meeting	we	will	also	be	asking	you	to	sign	up	for	a	physical	

testing	time	for	your	child.	Please	bring	a	calendar	to	confirm	your	

availability.	

		

Following	is	a	link	to	confirm	your	participation	in	the	program.	The	
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registration	fee	for	this	program	is	$100.00.	

		

Register	in	person	at	Vivo	Guest	Services	or	online	for:	Research	A/B-	Kindergarten	

Program	under	Course	Code	36738	

		

For	Online	registration		

1) Enter	your	login	ID	and	Password	
2) Search	for	Barcode	36738	register	for	the	program	as	normal	
3) Pay	by	credit	card	upon	checking	out	

		

Please	contact	Guest	Services	at	403-532-1013	if	you	do	not	have	an	existing	Vivo	

registration	account	or	need	to	add	your	child	to	the	registration	account.	

		

		

There	are	3	things	that	you	will	need	to	do	by	August	27th,	2015	

1) Register	for	the	program	following	the	link	or	contact	Customer	
Service	

2) Identify	a	parent	meeting	date	and	time	that	works	for	you	
3) Complete	and	return	the	attached	‘Participant	Information	Form’	

(please	note	that	this	is	a	fillable	form,	once	you	have	completed	the	
form	then	return	via	email	to	Nadine)	

		

The	deadline	to	complete	and	submit	the	above	information	is	Thursday	
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August	27th	after	this	date	registration	will	go	to	individuals	on	the	waiting	

list.	

		

Thank	you	for	agreeing	to	participate	in	this	research	study.	

		

I	look	forward	to	meeting	you.	

		

In	wellness, 
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APPENDIX G: PRE-PROGRAM ASSESSMENT SIGN-UP – FORM 1 
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Kindergarten 4 in 1 Physical Literacy Physical Activity Testing Sign-up 

 
Date	 Time	 Parent	

Name	
Child	Name	 Phone	Number	

Co
di
ng

	 Reminder	Sticky	

	
	
	
	
	
	

3:30pm	 	 	 	 	 Not	Available	

4:30pm	 	 	 	 	 Not	Available	
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Thursday	
September	17	

5:30pm	 	 	 	 	 Not	Available	

6:30pm	 	 	 	 	 Not	Available	

	 	 	 	 	 	 	

	

	

	

	

	

	

	

	

9:00am	 	 	 	 	 Not	Available	

10:00am	 	 	 	 	 Not	Available	

11:00am	 	 	 	 	 Not	Available	

12:30pm	 	 	 	 	 Not	Available	

1:30pm	 	 	 	 	 Not	Available	
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Friday	September	

18	

	

	

	

	

	

	

	

	

3:00pm	 	 	 	 	 Not	Available	

4:00pm	 	 	 	 	 Not	Available	

5:00pm	 	 	 	 	 Not	Available	
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Friday	September	

18	

	 	 	 	 	 	 	

	

	

	

	

	

8:30am	 	 	 	 	 Not	Available	

9:30am	 	 	 	 	 Not	Available	

10:30am	 	 	 	 	 Not	Available	
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Saturday	

September	19	

	

	

	

	

	

	

	

	

11:30am	 	 	 	 	 Not	Available	

1:00pm	 	 	 	 	 Not	Available	

2:00pm	 	 	 	 	 Not	Available	

3:00pm	 	 	 	 	 Not	Available	

4:00pm	 	 	 	 	 Not	Available	

5:00pm	 	 	 	 	 Not	Available	
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Saturday	

September	19	

	 	 	 	 	 	 	

	

	

	

	

	

8:30am	 	 	 	 	 Not	Available	

9:30am	 	 	 	 	 Not	Available	

10:30am	 	 	 	 	 Not	Available	
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Sunday	

September	20	

	

	

	

	

	

	

	

	

	

	

11:30am	 	 	 	 	 Not	Available	

1:00pm	 	 	 	 	 Not	Available	

2:00pm	 	 	 	 	 Not	Available	

3:00pm	 	 	 	 	 Not	Available	

4:00pm	 	 	 	 	 Not	Available	

5:00pm	 	 	 	 	 Not	Available	
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Sunday	

September	20	
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APPENDIX H: PRE-PROGRAM ASSESSMENT SIGN-UP – FORM 2 
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Kindergarten 4 in 1 Physical Literacy Physical Activity Testing Sign-up 

 

Date	 Time	 Parent	

Name	

Child	Name	 Phone	Number	

Co
di
ng

	 Reminder	Sticky	

	

	

	

3:30pm	 	 	 	 	 Not	Available	

4:30pm	 	 	 	 	 Not	Available	
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Thursday	

September	24	

5:30pm	 	 	 	 	 Not	Available	

6:30pm	 	 	 	 	 Not	Available	

	 	 	 	 	 	 	

	

	

	

	

	

	

9:00am	 	 	 	 	 Not	Available	

10:00am	 	 	 	 	 Not	Available	

11:00am	 	 	 	 	 Not	Available	

12:30pm	 	 	 	 	 Not	Available	
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Friday	

September	25	

	

	

	

	

	

	

1:30pm	 	 	 	 	 Not	Available	

3:00pm	 	 	 	 	 Not	Available	

4:00pm	 	 	 	 	 Not	Available	

5:00pm	 	 	 	 	 Not	Available	



 

204 

	

	

	

	

	

	

Friday	

September	25	

	 	 	 	 	 	 	

	

	

	

8:30am	 	 	 	 	 Not	Available	

9:30am	 	 	 	 	 Not	Available	
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Saturday	

September	26	

	

	

	

	

	

	

10:30am	 	 	 	 	 Not	Available	

11:30am	 	 	 	 	 Not	Available	

1:00pm	 	 	 	 	 Not	Available	

2:00pm	 	 	 	 	 Not	Available	

3:00pm	 	 	 	 	 Not	Available	

4:00pm	 	 	 	 	 Not	Available	

5:00pm	 	 	 	 	 Not	Available	
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Saturday	

September	26	

	 	 	 	 	 	 	

	 8:30am	 	 	 	 	 Not	Available	
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Sunday	

September	27	

	

	

	

	

	

	

	

	

	

9:30am	 	 	 	 	 Not	Available	

10:30am	 	 	 	 	 Not	Available	

11:30am	 	 	 	 	 Not	Available	

1:00pm	 	 	 	 	 Not	Available	

2:00pm	 	 	 	 	 Not	Available	

3:00pm	 	 	 	 	 Not	Available	

4:00pm	 	 	 	 	 Not	Available	
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Sunday	

September	27	

5:00pm	 	 	 	 	 Not	Available	
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APPENDIX I: BRUININKS-OSERETSKY TEST OF MOTOR PROFICIENCY, 2ND 

EDITION, BALANCE SUBSET SCORING FORM 
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APPENDIX J: TEST OF GROSS MOTOR DEVELOPMENT, 3RD EDITION, SCORING 

FORM
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APPENDIX K: DEMOGRAPHIC QUESTIONNAIRE 

Demographic Questionnaire 

 

Date:_____________________ Examiner(s):______________________________ 

 

 

Child Name: 

 

Child ID: 

Date of Birth/Age of Child in Years & 

Months 

 

 

Gender: 

Male:         _____ 

Female:     _____ 

City: 

 

Suburb: 

Ethnicity: “How do you self identify 

yourself in terms of race or ethnicity?” 

 

 

 

Socioeconomic Status: “Would you self 

identify your SES as low, medium or 

high?” 

Height: (cm) 

 

 

Weight: (kg) 
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BMI:  

 

 

Preferred Hand: 

Right:                        _____ 

Left:                          _____ 

Nondifferentiated:    _____ 

 

Preferred Foot: 

Right:                          _____ 

Left:                            _____ 

Nondifferentiated:      _____ 

Type of School Child is Attending: 

Public:                    _____ 

Separate:                _____ 

Charter:                  _____ 

Private:                   _____ 

Home-Schooled:    _____ 

 

Sports or Activities Child is Register or 

Engaged In: 

How much Physical Activity Does the 

Child Receive Per Day? 

 

 

 

How much Physical Activity Does the 

Primary Care-Giver Participate in Per Day? 

 

 

 


